
lU V LI C-ii^iomer Erginrering 
Manuil of Instruction 



Data Prcjie^^siny System 
E Level 



Issued to: 
Branch Office:. 
Department: _ 
Address: 



If this manual is misplaced, it should 
be returned to the above address. 



IIIB(LN?1J> Customer Engineering Manual of Instruction 
1620 Data Processing System 
E Level 



This manual describes the IBM 1620 Data Processing System (serial No. 10701 and 
up) and associated Input/Output equipment. 

For machines prior to the E-level sufiix (below •serial No. 10700), order Form 
227-5507-1. 



• 1902 by International Business Machines Corporation 

Intrnnmumd Business Machines Corp., Product Publications Dept., San Jose, Calif. 



Page 

Section 1 — General Information 5 

Description of System - 5 

Machine Language 6 

Stored Program Concept 7 

Section 2 — Memory Addressing and Data Flow 11 

Introduction 11 

Memory 11 

Sense Amplifiers and Memory Buffer Register (mbr) 11 

Memory Data Register (mdr) 11 

Memory Address Register Storage (mars) 13 

Increment/Decrement Switch 14 

Section 3 — Programming 17 

Development of a Program 17 

Insertion of a Program into Memory (Typewriter Keyboard) 17 

Execution of a Program 17 

Automatic Program Repetition (Program Loop) 19 

Insertion of a Program into Memory (Paper Tape Reader) . 19 

Section 4 — Components and Power Supply 21 

Magnetic Cores 21 

Component Circuits 22 

Power Supplies 35 

Section 5 — Functional Units 40 

Clock and Timing Chart 40 

Memory 44 

Memory Buffer Register (mbr) 49 

Memory Data Register (mdr) 49 

Memory Address Register Storage (mars) 49 

Memory Address Register (mar) 53 

Increment/Decrement Switch 53 

Operation Register and Decoder 55 

Digit/Branch Register and Decoder 55 

True/Complement (t/c) Switch 55 

Multiplier/Quotient Register 56 

Doubler 57 

C Bit Correctors 57 

Section 6 — Console and CE Panel 60 

Console 60 

Customer Engineering Panel 69 

Section 7 — Instruction Cycle 71 

Objectives 71 

Functions 71 

Section 8 — Execution Cycle 76 

Objective 76 

Functions 76 

E-Timer Triggers 76 

Auxiliary Triggers 76 

Read Y Point 79 

Block Memory Sense Amplifiers 80 

Significance of P & Q Parts of Instructions 80 



Section 9 — Internal Transmission Operations 

Transmit Digit (Code 25 - td) 

Transmit Digit Immediate (Code 15 - tdm) 

Transmit Field (Code 26 - tf) 

Transmit Field Immediate (Code 16 - tfm) 

Transmit Record (Code 31 - Mnemonic tr) 



Section 10 — Arithmetic Operations 

Add (Code 21 - a) 

Add Immediate (Code 1 1 - am) 

Subtract (Code 22 - s) 

Subtract Immediate (Code 12 - sm) 

Compare (Code 24 - c) 

Compare Immediate (Code 14 -cm) 

Multiply (Code 23 - m) 

Multiply Immediate (Code 13 • mm) 

Load Dividend (Code 28 - ld) 

Load Dividend Immediate (Code 18 -ldm) 

Divide (Code 29 - d) 

Divide Immediate (Code 19 - dm) 

Section 11 — Branch Operations 

Branch (Code 49 • b) 

Branch and Transmit (Code 27 - bt) 

Branch and Transmit Immediate (Code 17 - btm 

Branch Back (Code 42 - bb) 

Branch On Digit (Code 43 - bd) 

Branch No Flag (Code 44 - bnf) 

Branch No Record Mark (Code 45 - bnr) 

Branch Indicator (Code 46 - bi) 

Branch No Indicator (Code 47 - bni) 

Section 12 — Miscellaneous Operations 

Set Flag (Code 32 - sf) 

Clear Flag (Code 33 - cf) 

Halt (Code 48 - h) 

No Operation (Code 41 - nop) 

Section 13 — Input-Output Devices — 

Typewriter 

IBM 1621 Paper Tape Reader 

IBM 1624 Paper Tape Punch 

Section 14 — Input-Output Operations 

General 

Typewriter 

Paper Tape 

IBM 1621 Paper Tape Reader 

IBM 1624 Paper Tape Punch 

Read Numerically (Code 36 - rn) 

Read Alphamerically (Code 37 - ra) 

Write Numerically (Code 38 - wn) , 

Dump Numerically (Code 35 - dn) 

Write Alphamerically (Code 39 - wa) 

Control (Code 34 - k) 

Section 15 — Appendices 

A. Abbreviations and Terms , 

B. Character Code Chart , 

C. Numbered Triggers , 

D. Named Triggers 

E. Register Triggers 

F. E-Timer Trigger Chart 

G. Auxiliary Trigger Chart 

Glossory 

Index 



IBM 1620 Data Pr^ 

^ata Processing System 



Section 1 General Information 



Description of System 

The IBM 1620 Data Processing System is a solid-state 
electronic computer system, designed specifically for 
technological applications. The system is composed of 
separate units: the 1620 Computer Unit, the 1621 Paper 
Tape Reader which provides space for the 1624 Paper 
Tape Punch, the 1622 Card Read Punch, and the 1623 
Core Storage unit. The 1621, 1622, and the 1624 are 
input-output units available for various customer ap- 
plications. The 1623 is available if additional core stor- 
age is desired. Information on the 1622 and 1623 units 
is included in the ibm Customer Engineering Manual 
of Instruction, 1620 Data Processing System, Additional 
Features (Form 227-5513) . The computer unit contains 
the logic circuitry, the 20,000 position core storage unit, 
the console panel, and a typewriter. 

Data and instructions entered into the system are 
placed in memory as decimal digits. Each of the 20,- 
000 positions of core storage (memory) can be ad- 
dressed individually by a 5-digit address and can store 
one digit of information. Memory addresses extend 
from 00000 to 19999. The addressing system provides 
for the selection of any digit or group of digits within 
memory. The 1620 Computer processes numerical, 
alphabetic and special characters. 

The computer is capable of performing more than 
thirty different operations. Each operation is specified 
by a 12-digit instruction which contains a two-digit 
operation code and two 5-digit addresses. Instructions 
comprising a program are normally stored in consecu- 
tive locations in memory and executed sequentially. 
However, the sequence of operations may be altered at 
any point in the program by conditional branch instruc- 
tions. Conditional branch instructions make logical de- 
cisions by performing tests on indicators or switches set 
by the computer or the operator. 

Arithmetic operations are accomplished by a table 
method. Three hundred twenty (320) positions of 
memory are assigned for use in arithmetic operations. 
Twenty (20) positions, 00080 through 00099, are used 
to store products or quotients. Two hundred (200) 
positions, 00100 through 00299, are assigned for the 
storage of a Multiply Table. The Multiply Table con- 
tains all possible two-digit products. One hundred 
(100) positions, 00300 through 00399, are assigned for 
storage of an Add Table used in all arithmetic opera- 
tions. The Add Table contains all possible two-digit 



sums, with carries indicated. The memory positions 
containing the table data are addressable. 

The 1620 is a variable field length computer. The 
shortest admissible field is two digits; the longest can 
be any number of digits within the capacity of mem- 
ory. Accuracy of data is ensured by the parity check 
which is made when the data enters, exits, or is ma- 
nipulated inside the system. 

The console of the 1620 consists of control keys, 
switches, an indicator panel, and a typewriter. The 
control keys and switches are used to control opera- 
tion of the system. The console panel provides a visual 
indication of the contents of various registers and the 
status of control circuitry within the computer. The 
typewriter keyboard is used for manual entry of data 
and instructions into memory. 

Information is entered into the system by the type- 
writer, 1621 Paper Tape Reader, and the 1622 Card 
Read Punch. The 1621 reads an eight-channel tape at 
a rate of 150 characters per second. The 1622 reads 80- 
columh IBM cards at a rate of 250 cards per minute. 
Output data is recorded by the typewriter, 1622 Card 
Read Punch, and the 1624 Paper Tape Punch. The 
typewriter prints at the rate of 10 characters per sec- 
ond. The 1622 punches data into 80-column ibm cards 
at the rate of 125 cards per minute. The 1624 punches 
data into eight-channel paper tape at the rate of 15 
characters per second. 

When the computer is reading from or writing on 
an input-output device and is in the numerical mode, 
each character received from or sent to the input- 
output device is represented in memory as a single 
digit and occupies one memory position. In the nu- 
merical mode, data must consist of numerical charac- 
ters only. When the computer is reading from or 
writing on an input-output device and is in the alpha- 
meric mode, each character received from or sent to 
the input-output device is represented in memory as 
two digits occupying two adjacent memory positions. 
In the alphameric mode, data may consist of numeri- 
cal, alphabetic, and special characters. The digits for 
numerical characters, in the alphameric mode, consist 
of an arbitrarily assigned digit (zone digit) and a sec- 
ond digit (numerical digit) representing the true deci- 
mal value of the numerical character. Alphabetic and 
special characters are represented by two arbitrarily 
assigned digits. 
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Figures 1-1 and 1-2 illustrate all characters and their 
assigned digital values for both numerical and alpha- 
meric modes. 



Machine Language 
Character Code 

All data stored, transferred, and processed within the 
computer is represented as decimal digits in binary 
coded decimal (bcd) form. A digit is represented by 
a particular combination of bits. The bit positions of 
each digit consist of four numerical bits (8, 4, 2, and 1) , 
one flag (F) bit, and one check (C) bit (see Figure 
1-3) . The value of a significant digit is the sum repre- 
sented by the bits present in the 8, 4, 2, and 1 numeri- 
cal bit positions. A zero is represented by a C bit 
alone. Only bit combinations whose sum is nine or 
less are used. Considering only the numerical bit posi- 
tions, the digit 6 is represented by a 4 bit and a 2 bit; 
the digit 7 by a 4 bit, a 2 bit, and a 1 bit; and the 
digit 8 by an 8 bit alone (see Figure 1-4) . 

The flag (F) bit is used in three ways. The presence 
or absence of the flag bit in the units position of a 
numerical field determines the sign of the field. Ab- 
sence of the flag bit is interpreted as a field signed 
plus. The presence of the flag bit is interpreted as a 
field signed minus. The flag bit is also used as a field 
mark defining the high-order position of a numerical 
field. A flag bit with a digit of the add table indicates 
a carry in arithmetic operations. 

The C bit is used for parity checking purposes. Each 
digit within the computer must consist of an odd total 
number of bits, or a parity error will be indicated. 
The C bit will be present in a digit when the number 
of bits present in the numerical bit positions and the 
F bit position consists of an even number of bits. 

A special combination consisting of the C bit, 8 bit, 
and 2 bit is used as a record mark. 
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Instruction Format 

The IBM 1620 uses a 12-digit instruction divided into 
three parts; a two-digit operation code, a five-digit 
"P part", and a five digit "Q part" (see Figure 1-5) . 

The operation codes consist of two digits (00 
through 99) which specify the operation to be per- 
formed. Figure 1-6 is a chart of operation codes and 
their associated mnemonics. 
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Figuxc 1-1. Numerical Code 



Figure 1-2. Alphameric and Special Character Codes 
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Flag Bit 
Figure 1-3. Bit Positions 
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.Q Address. 



The functions of the P and Q parts of an instruc- 
tion are dependent upon the particular operation to 
be performed. The P part of an instruction can repre- 
sent the address in memory of a digit, a field, a record, 
or another instruction. The Q part can represent the 
address in memory of a digit, field, or record; a data 
field itself; the "address" of an input-output device; 
the control function to be performed by an input- 
output device together with the "address" of the de- 
vice; or the code for a switch or indicator. The specific 
use of the P and Q parts will be discussed with each 
operation. 

Data Format 

Data is stored in memory to form fields or records that 
can be of any length within the capacity of memory. 
Data can be classified as digits, fields or records de- 
pending upon how they are addressed and the limiting 
factor of the data. 

A digit occupies one memory position and is ad- 
dressed individually. 

Fields in memory consist of a number of consecutive 
digits and are composed of data related to arithmetic 
operations and internal field transmission. A field is 
addressed by its rightmost (low-order) position which 
occupies the highest numbered memory position of the 
field. Fields are processed from right to left into suc- 
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Figure 1-4. Bit Configuration— Decimal Digits 0-9 



cessively lower memory positions until a digit with a 
flag bit is sensed. The shortest admissible field con- 
sists of two digits, the addressed digit and the adjacent 
digit containing the field definition flag bit. Numeri- 
cal fields are signed minus by a flag bit present in the 
units position. The absence of a flag bit in the units 
position is interpreted as a field signed plus. 

Record in memory consists of a field or fields of data 
related to input-output operations and internal record 
transmission. A record in memory is addressed at the 
leftmost (high-order) position, which occupies the 
lowest numbered memory position of the record. 
Records are processed serially from left to right into 
successively higher memory positions. Output and in- 
ternal record transmission operations are terminated 
whenever a record mark is sensed. For memory to re- 
ceive a record, data is entered starting at the ad- 
dressed position and continuing from left to right 
into successively higher memory locations until term- 
inated by an end-of-record signal from the input unit. 

Stored Program Concept 

To solve a problem or to process data, a programmer 
selects from the different operations which the system 
is capable of performing, those which are required to 
accomplish the desired results. The series of instruc- 
tions which designate the operations to be performed 
is called a program. Because the instructions compris- 
ing a program are written into memory from an input 
device and read from memory for interpretation and 
execution, the 1620 is called a stored program com- 
puter. 

For interpretation by the computer, an instruction 
must be read from memory to registers, starting with 
the high-order digit and continuing through succes- 
sively higher memory locations until all twelve digits 
have been read. 

Instructions within a program are normally in- 
terpreted and executed sequentially; that is, execution 
of the first instruction is followed by interpretation 
and execution of the second instruction, etc. (see Fig- 
ure 1-7) . However, this sequence can be altered by the 
use of conditional branch instructions that direct the 
computer to an instruction located at other than the 
next sequential position. 



General Information 7 



Arithmetic Instructions: MNEMONIC CODE 

Add : A 21 

Add Immediate ■. — AM 11 

Subtract S 22 

Subtract Immediate SM 12 

Compare C 24 

Compare Immediate CM 14 

Multiply M 23 

Multiply Immediate MM 13 

Load Dividend LD 28 

Load Dividend Immediate LDM 18 

Divide D 29 

Divide Immediate DM 19 

internal Data Transmission Instructions: 

Transmit Digit TD — : 25 

Transmit Digit Immediate TDM 15 

Transmit Field TF 26 

Transmit Field Immediate TFM : 16 

Transmit Record TR 31 

* Transfer Numerical Strip TNS 72 

* Transfer Numerical Fill TNF 73 

Branch Instructions: 

Bronch B : 49 

Branch No Flag BNF 44 

Branch No Record Mark BNR 45 

Branch On Digit BD 43 

Branch Indicator Bl 46 

Branch No Indicator . __BNI 47 

Branch and Transmit BT 27 

Branch and Transmit Immediate BTM 17 

Branch Back KB 42 

Input-Output Instructions: 

Read Numerically RN 36 

Write Numerically WN 38 

Dump Numerically DN 35 

Read Alphamerlcally RA 37 

Write Alphamerically WA 39 

Control K 34 

Miscellaneous Instructions: 

Set Flag SF 32 

Clear Flag- — - CF 33 

* Move Flag MF 71 

Halt— H 48 

No Operation NOP 41 



* Additional Feature 

Figure 1-6. Operation Codes and Mnemonics 
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Figure 1-7. Program 



Additional instructions and/or data may be inserted 
into memory from an input device during the solution 
of a problem. 

The only distinction between instructions and data, 
in memory, is the manner in which they are inter- 
preted by the computer. If for any reason data was 
placed in memory locations assigned to instructions, 
the data would be acted upon as instructions. Con- 
versely, the operation code or either address part of 



an instruction may be modified by treating the in- 
struction parts as data. Flag bits may be stored with 
the digits of an instruction to permit operation on the 
instruction as data. The flag bits are ignored during 
interpretation of the instruction except when Indi- 
rect Addressing, an additional feature, is installed in 
the 1620. The functions of Indirect Addressing are 
given in the ibm Customer Engineering Manual of 
Instruction, 1620 Data Processing System, Additional 
Features (Form 227-5513) . 
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Section 2 Memory Addressing and Data Flow 



Introduction 

The IBM 1620 Computer normally processes data serial- 
ly by digit, parallel by bit. However, the two digits 
which are read from memory for each address, are 
processed simultaneously under certain conditions. 

Data, as such, is confined to memory, memory buffer 
register (mbr) , memory data register (mdr) , and 
input-output areas. Digits of data which are presented 
to other registers by mbr and/or mdr are used to de- 
velop memory addresses or to control program exe- 
cution. 

Each instruction of a program is interpreted and 
executed by a series of machine cycles. A machine 
cycle consists essentially of: addressing memory, read- 
ing out of a memory location, and writing into a mem- 
ory location. Digits read from memory, that are to be 
used for addressing or control purposes, are set into 
registers from mbr and/or mdr within the cycle. Digits 
are presented to an output device or received from an 
input device within the machine cycle. 

Note: The original design concepts of this system 
made extensive use of triggers. Therefore the functional 
nomenclature chosen included the term trigger (trigger 
21, first cycle trigger, l-cycle trigger) . Subsequent Engi- 
neering changes have replaced all triggers with latches 
except in four cases. The True/Complement, High/ 
Plus, Clock drive, and A/B triggers are still binary con- 
nected triggers. The system diagrams still maintain the 
original "trigger" designation for many of the latches 
and line names. For this reason the terms trigger and 
latch are generally used synonymously throughout this 
manual. These terms are not intended to designate the 
actual type of component used. The functions of sms 
card types used in the 1620 system are given in Section 
4 of this manual. 

Refer to Figure 2-1 for the following discussion of 
data flow. 



Memory 

Memory is addressed by means of two matrix switches 
which select one "column" of 12 cores (one core in the 
same position in each plane) . Since each digit position 
in memory consists of six bits (C, F, 8, 4, 2, 1) , it 
follows that in selecting one column of 12 cores, two 



digits will be read out each time memory is addressed. 
Addressing is in the form of five digits (00000 to 
19999) and is from a single register, memory address 
register (mar) , Memory is divided into two sections, 
even and odd, by the wiring scheme. If memory is ad- 
dressed per 00000, the digit at 00000 and at 00001 will 
be read out (see Figure 2-2) . If the address is 00001 the 
digit at 00001 and the digit at 00000 will be read out 
(see Figure 2-3) . 

Sense Amplifiers and Memory Buffer Register 
(MBR) 

Digits which are read out of memory are sensed by 
sense amplifiers which in turn set latches in the mem- 
ory buffer register (mbr) . The mbr is designated even 
(MBR-even) and odd (MBR-odd) and will receive the 
corresponding digit from memory (see Figure 2-4) . 

The read out of cores is destructive and therefore 
to retain the digits they must be written back into 
memory. The latches in mbr control inhibit lines which 
in turn permit the digits to be written back into mem- 
ory (see Figure 2-5) . 



Memory Data Register (MDR) 

Generally the 1620 System will use only the specific 
digit addressed. Therefore, a single digit register called 
memory data register (mdr) is provided to receive and 
store the digit. Controls are provided to determine 
which digit in mbr (odd or even) is transferred to 
mdr. To accomplish this, the output of MBR-odd and 
even is controlled by an odd /even trigger which in 
turn is controlled by the units position of mar. Figure 
2-6 shows odd/even trigger control of the data path for 
the digit 5 from memory to mdr. The digit is available 
to the data bus from mdr. 

There are times when it is necessary to clear a loca- 
tion in memory. At this time the odd/even trigger 
exercises control, as to which specific location (odd or 
even) is to be cleared, by blocking the odd or even 
sense amplifiers (see Figure 2-7) . There are functions 
requiring the clearing of two memory locations both 
odd and even at the same time. This is done by block- 
ing both the odd and the even sense amplifiers with- 
out regard to the status of the odd/even trigger. The 
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Figure 2-1. Data Flow 
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Figure 2-2. Memory Addressed per 00000 



objective of clearing a memory location is to reset the 
cores at that address so that a new digit may be 
entered. The new digit will be placed in mbr. mbr 
controls the inhibit lines which permit writing the 
new digit into memory. 



Memory Address Register Storage (MARS) 

Memory address register storage (mars) is a single 
plane core array in a 24x 16 matrix. The basic 1620 
system makes use of only a part of the available stor- 
age, using a 24 X 8 matrix, mars is divided into eight 
sections, each section capable of storing a 5 digit 
address. Each section or register has its own read and 
write drivers so that selection may be made as to which 
register is to read into the memory address register 
(mar) and which one (or more) will be written into 
(see Figure 2-8) . 
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Figure 2-4. Reading Out of Memory 



In order to address memory, an address must be 
placed in mar. This is done by causing the read 
drivers of a particular mars register to be operative. 
The read drivers cause the address stored in that mars 
register to read out, through sense amplifiers, to mar. 

To reset a mars register the read drivers for that 
register are made operative at a time when the sense 
amplifiers are not conditioned to function. 

In order to write into a mars register, coincidence 
of the MARS write drivers for that register and the bit 
drivers is required. 

The bit drivers can be gated so that a complete 5-digit 
address is written into mars at one time. Another gate 
can cause I or 2 digits, as needed, to be written into 
mars. 
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Figure 2-3. Memory Addressed per 00001 
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Figure 2-5. Writing Into Memory 
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Figure_2-6. MBR to MDR Data Flow with Odd/Even Trigger Control 



Increment /Decrement Switch 

Each address read into mar from mars is the address 
of a single location in memory. Since a field or record 
consists of more than one digit, a means is provided to 
increase the address by one (increment +1) or de- 
crease the address by one (decrement — 1) depending 
on the requirements of the operation being performed. 
There are operations which make use of two digits at 
a time for which an increment +2 is provided. A 
decrement of —2 is provided with the Indirect Address- 
ing feature. The increment/decrement switch (incr/ 
deer switch) consisting of a network of and switches 
and OR switches performs these functions. The de- 



crement trigger exercises control over the incr/decr 
switch. The status of the decrement trigger is deter- 
mined by the instruction to be executed. The outputs 
of all the MAR bit triggers are connected to the inputs 
of the increment/decrement switch. The outputs of 
the incr/decr switch are connected to the bit drivers. 
The coincidence of the bit drivers and the write drivers 
for a particular mars register will write the mar ad- 
dress (as altered by the incr/decr switch) into the 
MARS register. 

There are operations requiring the read out of mars 
to MAR where it is desired to write the address back 
into MARS unchanged. A bypass around the incr/decr 
switch accomplishes this function (see Figure 2-9) . 
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These Lines Control the Blocking of the 
Sense Amplifiers,Odd or Even^and are a 
Function of the O/E Trigger. 



Both Odd and Even Sense Amplifiers May 
be Blocked without Regard to the Status of 
the O/E Trigger for Clearing Two Memory 
Locations at a Time. 



New digit to be 
entered into 
memory. 



Figure 2-7. Clearing Memory Locations 
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Figure 2-8. Memory Address Register Storage 
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Section 3 Programming 



Development of a Program 

Programming consists of defining the steps required 
to receive data, process data, and record results in 
terms of the operations which the computer system is 
capable of performing. Each step must be written as 
an instruction to the computer, with the series of in- 
structions pertaining to an entire procedure consti- 
tuting a program. 

A program to accomplish entry of factors, solution 
of a simple problem, and printing of the result is pre- 
sented to illustrate 1620 Computer programming (see 
Figures 3-1 and 3-2) . 

COMPUTE A + B = C 

Specifications: 

1. Enter factors A and B into memory by means of 
the typewriter keyboard. 

2. Store the units position of factor A at memory 
location 00500. (If the assigned field length for 
factor A is assumed to be five digits, the high- 
order position will be stored at location 00496.) 

3. Store a record mark character at memory loca- 
tion 00501. (This record mark will be used to 
terminate the write operation demanded by 
specification 5.) 

4. Store the units position of factor B at memory 
location 00800. (If the assigned field length for 
factor B is assumed to be four digits, the high- 
order position will be stored at location 00797.) 

5. Record the sum, C, on the paper form in the 
typewriter. (The developed sum will replace 
factor A and assume its location in memory.) 

6. Stop the computer upon completion of the pro- 
g;ram. 



Irtsertion of a Program /nfo Memory 
(Typewriter Keyboard) 

Because the ibm 1620 is a stored program computer, 
the instructions comprising a program must be written 
into memory for availability to the computer in the 
accomplishment of the program objectives. 

The program is stored in memory by depressing 
INSERT on the console and then by typing each digit of 
the five instructions consecutively. 

Depression of insert places the typewriter in numer- 
ical shift; activates the typewriter keyboard; and pre- 



pares the computer to receive the high-order digit of 
the first 12-digit instruction at memory location 00000. 
By consecutive depression of the 3, 6, 0, 0, 4, 9, 6, 0, 
0, 1, 0, 0, 3, 6, 0, 0, 7, 9, 7, 0, 0, 1, 0, 0, 2, 1, 0, etc. 
keys on the typewriter keyboard, the program is stored 
in memory locations 00000 through 00059. (In the 
program chart where the letters "P" or "Q" appear in 
the five instructions, any numerical key may be de- 
pressed. Those digit positions must be filled, but they 
are not used in the execution of the particular in- 
struction.) 

After entry of the low-order digit of the fifth in- 
struction, depression of release on the console termin- 
ates the insert operation. Depression of start then 
initiates execution of the stored program. Depression 
of the R-S key on the typewriter keyboard performs the 
functions of release followed by start. 

Execution of a Program 

Instructions within a program are normally inter- 
preted and executed sequentially: that is, if the first 
12-digit instruction is stored in memory locations 
00000 through 00011, the execution of that instruction 
is followed by the interpretation and execution of 
the instruction stored in locations 00012 through 
00023, etc. 

Each instruction is read from memory and stored in 
registers for interpretation, starting with the high- 
order digit and continuing through successively higher 
memory locations until all twelve digits have been 
read. 

Since execution of the first instruction, 36 00496 
00100, requires that factor A and a record mark char- 
acter be entered into memory manually from the type- 
writer keyboard, the " (flag), 0, 0, 3, 2, 1, and record 
mark keys are depressed consecutively by the operator. 
Depression of release then terminates execution of 
the first instruction. 

Depression of start directs the computer to proceed 
with the program and the second instruction is in- 
terpreted. 

Execution of the second instruction, 36 00797 00100, 
requires that factor B be entered into memory man- 
ually from the typewriter keyboard. The " (flag) , 
0, 0, 6, and 7 keys are depressed consecutively by the 
operator. Depression of release terminates execution 
of the second instruction. 
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Instruction 
Number 


AAemory 
Locotion for 
Instruction 


Instruction 


runciiwn ro cxccuTeu 


Op 
Code 


P-Part 


Q-Part 


One 


00000 


36 


00496 


Q01QQ 


crirer racror A Vwozl; ot A/temory Location 00496 - 00500. 
Enter Record Mark Character at 00501 


Two 


00012 


36 


00797 


QOIQQ 


Enter Factor B (0067) at Memory Locations 
00797 - 00800. 


Three 


00024 


21 


00500 


00800 


A<Hri A 4- K nnri Stnro Sum ( A^Amn^^* 1 ^^^hi^m^m 
A^uu /-^ T L> uiiu JfVfC •Ji^nif \»f uT /VicinOry LOCQilOnS 

00496 - 00500. 


Four 


00036 


38 


00496 


QOIQQ 


Type Sum, C, (00388) on Paper Form in Typewriter 
from Memory Locations 00496 - 00500. 


Five 


00048 


48 


PPPPP 


QQQQQ 


Stop Computer 



First Instruction 
(Manual Entry of 
Factor A and 
Record Mark Char, 
from Typewriter 
Keyboard ) 



Read Numerically 



36 



Dsslgnates 
Memory Locotion 
for Storing High-Order 
Position of Factor A 



00496 



Specifies Typewriter 
as Input Device 



QOIQQ 



Second 
Instruction 
(Manual Entry of 
Factor B from 
Typewriter 
Keyboard ) 



Read Numerically 



36 



Designates 
Memory Location 
for Storing High- 
Order Position of 
Factor B 

00797 



Specifies Typewriter 
as Input Device 



QOIQQ 



Third Instruction 
(Automatic 
Addition of A+B) 



Add 



21 



Designates 
Memory Location 
of Units Position 
of Factor A & 
Developed Sum, C 

00500 



Designates Memory Location 
of Units Position of Factor B 



00800 



Fourth instruction 
(Automatic Printing 
of Sum on Paper form 
in Typewriter ) 



Write Numericolly 



38 



Designates 
Memory Location 
for High-Order 
Position of Sum, C 



00496 



Specifies Typewriter 
as Output Device 

(Write Operation is 
Terminated by Record 
Mark Character in 
Memory Location 
00501) 

QOIQQ 



Fifth Instruction Halt (Not Used) 

(Automatic Stopping I 

of Computer) J 1 

48 PPPPP QQQQQ 

Figure 3-1. Program "A" 
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Memory 


: — , 


Instruction 




Instruction 
Number 


Location for 
Instruction 


Op 
Code 


P-Part 


Q-Port 


Function to be Executed 


One 


15000 


36 


00496 


Q01QQ 


Enter Factor A (00321) at Memory Location 00496 - 00500. 

Enter Record Mark Character at 00501 


Two 


15012 


36 


00797 


QOIQQ 


00797 - 00800. 


Three 


15024 


21 


00500 


00800 


Add A + B and Store Sum, C, at Memory Locations 
00496 - 00500. 


Four 


15036 


38 


00496 


Q02QQ 


Punch Sum, C, into Paper Tape from Memory 
Locations 00496 - 00500. 


Five 


15048 


48 


PPPPP 


QQQQQ 


Stop Computer 



First Instruction 
(Load Program 
Into Memory 
Automatically 
From Paper Tape 
Reader.) 



Read 

Numerically 



36 



Second Instruction 
(Branch to the First 
Program Instruction 
Automatically) 



Designates Memory 
Location for Storing 
High-Order Digit of 
First Program 
Instruction. 

i 

15000 



Specifies the Paper 
Tape Reader as the 
Input Device. 



Q^Q 



Branch Designates the 

Location in Memory 
of the Instruction to 
Which the Branch 
Occurs • 

I 

49 15000 



(Not Used) 



QQQQQ 



Figure 3-2. Program "B" 



Depression of start again directs the computer to 
proceed with the program and the third instruction is 
interpreted. No further manual entry of data is re- 
quired by the program, so the third instruction is 
executed and the two remaining instructions are in- 
terpreted and executed automatically. The computer 
halts upon completion of the program. 



the branch instruction, 49 00000 QQQQQ. The branch 
instruction directs the computer to the instruction 
located at its P address, 00000, which is the address of 
the first instruction in the program. (A typewriter 
control instruction, 34 PPPPP QOIQI or 34 PPPPP 
Q01Q2, could be inserted into the program to cause 
the typewriter to line space and carriage return or 
simply space between sums.) 



Automatic Program Repetition (Program Loop) 

The program shown in Figure 3-1 computes the sum 
for only one problem, but by returning to the first 
instruction of the program and repeating the program 
as a loop, the sums for any number of problems can 
be computed. A program loop will be initiated if the 
halt instruction, 48 PPPPP QQQQQ, is replaced by 



Insertion of a Program Into Memory 
(Paper Tape Reader) 

Where it is required that a program be loaded into 
memory frequently or where a program contains many 
instruction steps, the program may be punched in 
paper tape and stored in memory from the paper tape 
reader. 
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The procedure required to load a program, Figure 
3-2, into memory by means of the paper tape reader is 
described in the following paragraphs. 

The program shown in Figure 3-2, differs from that 
shown in Figure 3-1 only as follows: 

1. The "02" in the Q part of the fourth instruction 
specifies the ibm 1624 Paper Tape Punch as the 
output device rather than the typewriter. 

2. The program is stored in memory locations 15000 
through 15059 rather than 00000 through 00059. 

Condition the ibm 1620 Data Processing System for 
this operation as follows: 

1 . The digits of the five instructions are punched in 
consecutive paper tape columns with an "end- 
of-line" character punched in the following tape 
column. (The end-of-line character is used to 
terminate the program loading operation.) 



2. The paper tape containing the program is loaded 
on the paper tape reader with the reader in a 
condition ready to operate. 

3. The paper tape punch is loaded with blank tape 
and is ready to operate. 

Insertion from the typewriter keyboard of the two 
"starting" instructions, shown in Figure 3-2, into mem- 
ory at locations 00000 through 00023 is required to 
cause loading of the program and subsequent branch- 
ing to the program. 

The two "starting" instructions are placed in mem- 
ory at locations 00000 through 00023 by depressing 
INSERT and typing consecutively the 24 digits of the 
instructions. Depression of releasi; then terminates 
the insert operation. Upon depression of start, the 
"starting" instructions are interpreted and executed, 
and the program is entered automatically at comple- 
tion of the second "starting" instruction. 
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Section 4 Components and Power Supply 



Magnetic Cores 
Memory Cores 

A magnetic core is a small doughnut shaped ring that 
is uniformly constructed of ferrite particles bonded 
together by a ceramic material. The ferrite particles 
have good magnetic properties and the core has a high 
retentivity of the magnetic flux lines after the mag- 
netizing force is removed. It is this property of re- 
tentivity that makes a memory core useful as a storage 
device. 

The operation of a memory core can best be de- 
scribed by reference to the hysteresis curve, Figure 4-1, 
This curve is a plot of the relationship between a 
magnetizing current (1^) and the flux density. 

A memory core is capable of maintaining indefin- 
itely one of two stable magnetic states, either at point 
A or at point D on the hysteresis curve. Because the 
core has two stable states, it can be used as a binary 
storage device. At point A the core has a residual 
flux in a negative direction, and at point D a residual 
flux in the positive direction. These two directions 
can be arbitrarily assigned as binary "zero" and binary 
"one", respectively. 

1^ is the amount of current necessary to change the 
state of the core. Plus I„ is that amount of current 
flowing in one direction, and minus I„ the same 
amount of current flowing in the opposite direction. 



On the hysteresis curve, it can be observed that a 
magnetizing current of plus will change the mag- 
netism of the core from point A, a binary zero, to the 
magnetic saturation value in the positive direction at 
point C. When the current is removed, the total 
amount of magnetization drops back to point D (bin- 
ary one) . If, instead of full plus 1^, a current of plus 
lm/2 were applied, the flux would change only the 
small amount from point A to point B on the curve, 
and when the current returned to zero, the flux would 
return to its original value at point A. 

A reverse current, minus I^, develops flux of op- 
posite polarity and changes the magnetic field of the 
core from point D to the magnetic saturation value in 
the negative direction at point F. The total amount 
of magnetization drops back to point A (binary zero) 
when the driving current is removed. 

When a matrix of memory cores is constructed to 
store multiple bits of information, a specific core is 
selected (addressed) by the coincidence of Ini/2 flow- 
ing through each of two wires threaded through the 
core, with a total effective current of full 1^. The state 
of the core is determined by the direction of the cur- 
rent flowing through these wires. A current I^ is 
passed to store a "1" in the core; this is called "writ- 
ing" into cores. A current 1^ is passed in the opposite 
direction to change a stored value of "1" to a "0" and 
can be considered a current of minus !„; this is called 
"reading" a core. 




Components and Power Supply 21 



Reading a memory core depends on a system of 
sensing the state of the flux field within the core. 
When the core contains a "0" and a current of minus 
1^ read current is passed through the core, the field 
changes, from point A to point F on the hysteresis 
curve, which is a very small change in total flux dens- 
ity. If the core contains a "1" and a minus read 
current is passed through the core, the field changes 
from point D ito point F and a large change in the 
flux field occurs. A third wire, called the "sense" wire, 
is threaded through the core to recognize these changes 
in the magnetic field. Circuits are used to discriminate 
against low value "0" signals and amplify the large 
signal that results when a "1" is read from a core. 

Switch Cores 

The construction of the switch cores is similar to 
memory cores, but the switch cores are physically 
larger. Switch cores, however, are not used to store or 
retain information, but are used as transformers, mak- 
ing use of the induced current pulses when the core 
is flipped. The induced current pulses are used to 
read into or write from memory cores. 

The memory addressing scheme selects two specific 
switch cores. The outputs of the two switch cores are 
used to establish X and Y coordinate lines for address- 
ing a memory location. 



Component Circuits 

Discussion of electronic or transistor theory is not in- 
tended in this manual. Other ibm manuals have been 
written to provide such information. Samples of the 
various types of sms cards are discussed to provide the 
Customer Engineer with sufficient information to in- 
terpret System Diagrams and understand machine 
functions. 

The SMS Card Index, Figures 4-2a and 4-2b, lists the 
card types by card code used presently and formerly 
in the 1620 Computer system. Circuit schematics, part 
numbers, and associated logic block symbols for the 
cards are shown on pages C.00.03.1 through C.00.69.1 
of the J620 System Diagrams. 

The 1620 Computer uses a kind of circuitry known 
as TRL, Transistor Resistor Logic. This type of circuit 
uses resistors in voltage dividing networks to control 
the functions of transistors, trl is ' also called nor^ 
Negative or. 

There are two types of transistors used in the 1620: 
alloy and drift. The drift type is also called saturating 
drift. The term sdtrl, used with an sms card, means 
Saturating Drift Transistor Resistor Logic and indi- 
cates that the transistor or transistors used in that 



card are of the drift type. The difference between alloy 
and drift transistors is in transition times. The drift is 
faster than the alloy and is used in areas where speeds 
are critical. 

The term ctrl means Complementary Transistor 
Resistor Logic which indicates that inputs and out- 
puts can be of a different level. For example a ± S 
level input can result in a ± R level output. R levels 
are + R = -f 12v and - R = Ov. The relay thyratron 
drivers, dp cards, are an example, having + 48v on the 
output. CTRL cards are not necessarily used with the 
complementary function. 

Figure 4-3 depicts a typical "block," as shown in J 620 
Automated System Diagrams, with symbols defined. 

AHK, CAB, CD, DAX, DAW, MX, VE, and VF Cards 

These cards consist of nor circuits which are similar 
in function and operation. The following description 
of one of the three circuits on a type VF 3-way inverter 
card (Figure 4-4) will serve to explain the function 
and operation for the group. 

As an Inverter, this block has a + S output level if 
any one of its inputs is at a — S level. 

As an AND switch, this block has a — S output level 
if all inputs are at + S level. 

As an or switch, this block has a + S output level 
if any one or more of its inputs is at — S level. 

The transistor is conducting when any one or more 
of the inputs is at — S level. 

EXTENDERS 

When additional inputs are necessary to perform a 
parti^lar logical function, nor blocks are connected 
in parallel. One and only one of the logic blocks has a 
collector load resistor. This configuration merely "ex- 
tends" the logical function (Figure 4-5) . All input lines 
to extender logic blocks as well as the basic logic block 
must be at + S level to obtain a — S output level. One 
or more — S input levels to an extender block as well 
as to the basic logic block will give a + S output level. 

nor latch 

A common method of storing a bit of information 
in NOR logic is by means of a "latch" (Figure 4-6) . 

A shift to the — S level at point F or point G places 
the OFF side transistor into conduction, which puts 
point CL at + S level. If points A and B are at + S level, 
the ON side transistor is cut off, which drops point E to 
the — S level. A — S level at point E reinforces the — S 
level introduced at point F or point G and holds point 
CL at a + S level even if the negative signal at point F 
or point G is removed. This latches the circuit in an 
OFF state until a negative (—S) signal occurs at either 
point A or point B. 
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Cord 
Code 


Sfynjbpl 


Systems 
Diagram 


Description 


ACY 


IS 


C. 00.03.1 


Constant Current Source - used in 1622 buffer (04.30.06. 1) 


AFB 
YJA 
YJB 


R 


C. 00.05.) 


Load Resistor Cords (0) .30.80. 1) 


AFR 


LD or ID 


C. 00.05. 1 


Lamp Driver — a -S input level causes a +S output level 
(01.06.10.1) 


AHK 


A,0, or 1 


C.00.06.J 


Two way alloy type extender for AND/OR, or OR latches 
(01.06.10.1) 


AHS 


DCM 


COO .07.1 


Clutch Magnet Driver (04. 15.06. 1) 


AHT 


DPM 


C.00.07.I 


Punch Magnet Driver — requires a CB input to the L pin 
V (04.82.03.1) 


AHU 


■V- 


C. 00.08.1 


Exclusive OR — like inputs produce o +S out and unlike 
inputs produce -S out (01 .40.20. 1). 


CAB 


E 


C.00.10.1 


Three way alloy extender card — collectors not internally 
connected to load resistor (01 .06. 1 1 . 1). 


CD 


A or O 


C.OO.IO..I 


Three way alloy AND/OR card (01 .06. 10. 1). 


' CAU 


AL 


coo. 12.1 


AND latch - alloy type (01.06.11.1) 


CE 


DE 


COO. 15.1 


-. Emitter follower -alloy (01.06.20.1),- 


DAR 


DP 


COO. 15.1 


Emitter follower -drift (04.83.08.1) 


DAT 


DP 


COO. 17.1 


Heavy Power Inverter - used for 1622 reset lines (04.05.07. 1). 


DAW 


E 


coo.2o.r 


Three way drift extender card —similar to CAB (01 .40.03. 1). 


DAX 


E 


C.00.20.1 


Two way drift extender card — similar to AHK (01 .4 1 .07. 1). 


DBU 


IDL 


coo. 22. 1 


Inverting Date Line Driver — used with 1623. A +S input 
level produces a -C output level (01 .41 .03. 1). 


DED 


DL 


C.00.23.1 


Non-Inverting Data Line Driver — used with 1622. A +S input 
level produces a -tC output level (01 .80.20. 1). 


DEE 


DT 


COO.23.1 


Inverting data line terminator — a +C input level produces 
a -S output level (01 .80.20. 1). 


DFA 


L 


COO. 24. 1 


Latch inverter -used in 1622, similar to TCZ (04.35. 16. 1). 


LfTlJ 


AL 


f no 94 1 


Mno larcn ariiT rype \U i .uo. lu • 


FL 
WF 


SWD 


COO.25.1 


Decode switch — four -S inputs are required to cause conduction 
(01.30.26.1). 


FM 
WG 


D 


COO.25.1 


Current driver — used in conjunction with the FL card to provide 
motrix switch input currents (01.30. 10. 1). 


FP 


R 


COO.30.1 


Load resistors - MARS Rd/Wr driver (01 .56.45. 1) and MARS Bit 
driver (01.55.62.1). 


FQ 
ALY 


DP 


C.00.30.1 


Constant Current Source — Matrix switches and buffer (01 .30. 10. 1). 


MH 


1 


COO.35.1 


Power Inverter (01 .06.20. 1). 


MX 


A, Qor 1 


C00.35.I 


Two way alloy AND/OR or Inverter card (01.06. 10. 1). 



Figure 4-2a. SMS Card Index 
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Card 
Code 


Symbol 


Systems 
Diagram 


Description 


NN 


AM 


COO. 40.1 


Sense Amplifier - used in 1 622 buffer and MARS (01,57,01.1). 


NP 


DP 


C.00.40.1 


Relay Driver -for typewriter relays, punch magnets, and console 
lights (01.06.12.1). 


PF 


D 


C.00.41.1 


Driver — relay, light, or inverter. 


PG 


SW 


C. 00.42.1 


1621 Broke and Clutch switch card (02.83.60.1). 


PH 
CBW 


AM 


C.00.42.I 


1621 Photocell AmpliHer (02.83.50.1) 


PJ 


D 


C. 00.43.1 


1621 Brake and Clutch Driver (02.83.60. 1). . 


PK 


AM 


C.00.43.1 


1621 Sync Disk Amplifier (02.83.50.1). 


RE 


THER 


C. 00.45.1 


Thermoswitch Circuit (01.90.42, I). 


VE 
TAG 


A,0, or 1 


COO .45.1 


Two way drift type inverter (01.06. 12. 1). 


TAB 


DL 


C.00,46.I 


Non-Inverting Data line driver — a +S input level produces a 
+C output level (01.41 . 16. 1). 


TCK 


R 


COO.46.1 


Load Resistors for line temiinators (01.41.07. 1). 


TDA 


TL 


C.00.47.1 


Inverting Line terminator circuit — a +C input level produces 
a -S output level (01 .41 .07. 1). 


TBD 


^ vv 


c nn AA 1 


1622 Decode Switch — used in conjunction with the ACY card 
(04.30.06.1). 


TCZ 


L 


COO.48.1 


Latch inverter - similar to DFA except that R pin is a common 
reset to both circuits (01.10.07. 1). 


VF 
TAH 


A or O 


COO.50.1 


Three way drift type AND/OR card (01 .06. 10. 1). 


VG 
TAF 


osc 


COO .50.1 


Oscillator circuit card provides one megacycle clock timing for 
direct drive to voltage mode circuits and AC drive to SDTRL 
triggers (01.10.05.1). 


VJ 
TAJ 


TB 


C. 00.55.1 


Binary Trigger (01 . 10.05. 1) 


VL 
TAL 


DSP 


COO .55.1 


Sample Pulse generator (01. 10. 12. 1) 


VM 
TAK 
TFC 


1 


C.00.60.1 


Power inverter - drift type (01 .06. 10. 1). 


WM 


AMP 


C.00.60.1 


Single Shot sense amplifier — receives signal from a memory 
pre-sense amplifier. Provides 1 usee pulse to MBR latches 
(01.30.50.1) 


WJ 


D 


COO. 65.1 


Current driver for core storage (01.30.80, 1). 


WY 


AMP 


C.00.65.1 


Pre-sense Amplifier — used to amplify a nominal 40 mv signal 
(01.30.50.1). 


YAR 


DIODE 


C.OO.69.1 


Diode card for back circuit elimination (04.30.05. 1). 



Figure 4 25, SMS Card Index 
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Figure 4-3. 1620 System Diagram "Block" 
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TAJ Card 

There are two ac set inputs per state (off or on) with 
each input single gated. There is also a provision for dc 
set and reset (Figure 4-7) . 

OPERATION (Figure 4-8) 

Assume T3 is off and Tl is on. Then the output of 
T3 is about — 1 Ov (driving no external loads) and the 
output of Tl is ground (+ S) . The anode of D23 is 
at — 12v because of R22 and the anode of D4 is at 
ground because of R2. 
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Voltage Levels 
SDTRL - (DAW,DAX,VE,4VF) 

Up Level (4S)-0.6V to-0. IV 
Down Level (-S) - 12.48V lo - 6.87V 
CTRL (Alloy) - (AHK, CAB, CO, i MX ) 

Up Level (+5)- 0.4V to -0.0 v 
Down Level (-$) - 12.48V to - 5.86V 

Figure 4-4. SDTRL 3-Way NOR Inverter 



Figure 4-5. Extenders 

T3 is held off by R32 and Tl is held on by R30 
and R28. A 6-v positive shift at the input is passed 
through C24 and C3 causing the anode of both D23 
and D4 to shift positive. Since D23 is back biased by 
12v, the 6-v shift does not get through to the base of 
T-3. However, since D4 was zero biased the 6-v shift 
causes the base of Tl to go positive, turning Tl off. 
When Tl goes off, R14 and RIO cause T3 to go on, 
which in turn holds Tl off by nature of the voltage 
divider formed by R7 and R28. The voltage conditions 
at the anode of D23 and D4 are now reversed and the 
trigger is ready for the next positive shift. 

By applying a negative level to either R33 or R26 
(dc set or reset) , the corresponding side of the trigger 
may be turned on. 

The additional ac set and gates are provided to in- 
crease the logical flexibility of the trigger. 

A + S level applied to pin P will turn the trigger on 
by "collector pull on." 

A +S level applied to pin B will turn the trigger off 
by "collector pull off." 
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Figure 4-6. NOR Latch 
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Figure 4-7. SDTRL Trigger, Binary (Block) 
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Figure 4-8. SDTRL Trigger, Binary (Schematic) 
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AFR Card 

This block provides a current source for the 12v indi- 
cator lamps on the console (Figure 4-9) . 

A — S level applied to pin A causes T2 to conduct, 
supplying a low resistance path to ground for the 
current through the lamp. When T2 is cut off the 
1.8K resistor to ground does not allow enough current 
to pass, to light the lamp. 




R24 
150* 



IN R23 
5. IK 



Figure 4-9. CTRL Light Driver 



is off. Output pin A for circuit 1 or pin D for circuit 2 
is — S when the latch is on and is + S when the latch 
is off. The input and output functions of the logic block 
are reversed if an "R" is in the upper right corner of 
the logic block. This reversed logic is used when an 
AND condition is needed to turn off a latch. 

NP Card 

This block provides the control and current source 
for operation of 48v relays, magnets, and signal lights 
(Figure 4-11) . 

A + S potential applied to pins A and B (see note) 
will cause T4 to go into conduction when a 48v poten- 
tial is applied to pin C, Once conduction is started, 
the current drawn from the base of T4 to the emitter 
will cause T4 to remain in conduction regardless of 
the potential at pins A and B. Conduction is cut off 
only by removing the 48v supply to pin C. The dia- 
gram shows the usual configuration for the output of 
this circuit. When the cb opens conduction ceases. 

Note: As generally used in the 1620, one input pin 
is not connected to any potential (Floating) . In this 
case a + S level to the other pin will cause conduction 
as described above. 



CAU and DFD Cards 

Each latch circuit contains three transistors. One tran- 
sistor is used as a two-way or three-way and circuit which 
feeds an input to the other two transistors. The second 
two transistors are connected as an or latch. The and 
latch is turned on with a -|- S input to all legs of the 
and portion of the circuit (4- S on E and F pins for 
circuit 1 or + S on P, Q, and R pins for circuit 2) as 
shown in Figure 4-10. The latch may also be turned on 
with a — S input to pin H for circuit 1 or to pin K for 
circuit 2. Output pin G for circuit 1 or pin C for circuit 
2 is + S when the latch is on and is — S when the latch 
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-01- 



-G +5 Off 
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Figure 4-10. AND Latch 



WY Card 

This card provides a bipolar amplifier to detect and 
amplify a signal on a sense winding of a memory core 
plane (Figure 4- 12) . 

Due to the physical position of memory cores, a 
core flipping to the "zero" state or "one" state can 
induce a positive going pulse or a negative going pulse 
in the sense winding. The bipolar pre-sense amplifier 
detects either type of pulse. The memory sense amp 




Figure 4 11. CTRL-Driver, Relay. Thyratron 
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Memory Sense Amp Strobe 
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Figure 4-12. Pre-Sense Amplifier, Alloy 



Strobe discriminates between a read and a write pulse 
and is timed to select the read pulse only. 

TYPICAL VOLTAGE LEVELS AND WAVEFORMS 

(Figures 4-13, 4-14, and 4-15) 

Waveforms and potential for pulse generated when 
a core is flipped, i.e., the selected core is in the "one" 
state and flips to the "zero" state (Figure 4-13) . 

Waveform and potential for pulse generated when 
a core is selected but does not flip, i.e., the selected 
core is in the "zero" state and the currents applied are 
in a directibn such as to try to flip the core to the 
"zero" state (Figure 4-14) . 

Note: These waveforms and potentials apply at "write" 
time also. However, the memory sense amp strobe is 
not present at write time and there is no output from 
the pre-sense amplifier (Figure 4-15) . 





Figure 4-13. Memory Core Output 
28 




Figure 4-14. Memory Core Output 



WM Card 



These cards take the output of the pre-sense amplifiers, 
reinforce it, and provide a 1 ^sec pulse output to turn 
ON latches in the memory buffer registers (Figure 4-16) . 

TYPICAL VOLTAGE LEVELS AND WAVEFORMS 

(Figures 4-1 7 and 4-18) 

For input waveform and potentials, see pre-sense am- 
plifier output. 

Output waveform and potential of sense amplifier 
single shot as illustrated in Figure 4-17. 

Note: When the output of this single shot is con- 
nected so as to cause collector pull on of a latch, the 
waveform as seen on a scope will show the output of 
the trigger. 

VL Card 

These sample pulse generator cards provide a positive 
going pulse of a definite duration suitable for driving 
several sdtrl binary triggers (Figure 4-19) . 

The sample pulse generator requires a + S gate ap- 
plied to pin C and a positive shift (ac set) applied 
to pin BA or BE to obtain a + S pulse output at 
pin D. Pin C can be tied to ground, thereby supply- 
ing a continuous gate. The + S gate must be applied 
a minimum of 0.7 /isec prior to the ac set or shift pulse. 
The output waveform is shown in Figure 4-20. 
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Figure 4-15. "Read" Time 
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Figure 4-16. Sense Amplifier, Alloy 
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RE Card 

This card is used in the sms gates to check tempera- 
ture. The thermal switch opens at 122°F, causing the 
power supply to sequence off (Figure 4-21) . 

PG, PH, PJ, and PK Cards 

These cards are used in the ibm 1621 Paper Tape 
Reader. A description of their functions will be found 
in Section 13. 

NN Card 

This card provides a bipolar amplifier to detect and 
amplify a signal on a sense winding of the mars core 
plane (Figure 4-22) . The nn card wired in this manner 
functions as an extender to the tcz card and turns on 
the latch by collector pullover. 



Because of the physical position of the cores with 
respect to the "X" and "Y" wires, a unipolar pulse will 
be generated in the sense winding when a core is flipped. 
A "mars Sense Amp Sample" (Strobe) is used to dis- 
criminate between read and write pulses, being timed 
so that only a read pulse is detected. The output wave- 
forms and voltage levels are shown in Figures 4-23, 4-24, 
and 4-25. 

Note: When the output of the sense amplifier is 
connected to the collector of a latch which is turned 
ON by collector pullover, the waveform as seen by a 
scope at pin A or AF will therefore be the output of 
the latch (Figure 4-26) . 

FL, FM, and ALY Cards 

These cards are associated with the addressing of 
memory and will be discussed in terms of that applica- 
tion (Figure 4-27) . 
The ALY card provides a constant current source for 




[—1 M»ec— ] 
Figure 4-17. Sense Amplifier Output 
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Figure 4-18. Sense Amplifier Output Connected to Trigger (Col- 
lector Pullover) 
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Figure 4- 1 9. SDTRL, Sample Pulse Generator 
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Figure 4-20. Sample Pulse Generator Output Waveform 
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Figure 4-22. CTDL— Sense Amplifier Load Resistor 
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Figure 4-21. Thermal Switch 
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Figure 4-24. Output Waveform 
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Figure 4-25. Strobe, MARS Sense Amp Sample 
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Figure 4-26. Amplifier Output Connected to Trigger (Collector 
Pullover) 
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Figure 4-27. SMS Cards Associated with Matrix Switches 



use with the switch cores which are packaged one circuit 
per card. 

The FM card provides: (1) A path for the current 
source during the time when a switch core is not 
selected and the control gate is not present. This path 
maintains current flow through the bias winding. 

(2) A timed control (gate) causing the current path 
to be directed through the axes of switch cores to a 
selected decode switch (fl card) . The current through 
the bias winding is maintained, during the time a 
switch core is selected, by a path, through the selected 
core, to the decode switch. Packaged 1 circuit per card. 

The FL card (decode switch) provides a means for 
selecting a particular switch core coordinate accord- 
ing to the addressing scheme. The decode switch pro- 
vides a path to ground, through the switch core, for 
the current source when the gate to the fm card 
blocks the path through the fm card circuits. Packaged 
two circuits per card. Circuit 1 shown. 

The bias winding is wound with four turns around 
every switch core, in series, of matrix switches A and D 

(refer to Figures 4-28 and 4-29) . This winding carries a 
current in such a direction and of such a magnitude 
that it tends to retain all switch cores in a "zero" 
state. The bias winding current (1 amp) supplies 
current for the Y'Y" and X'X" axes of the switch cores. 
Note that the bias winding current is divided through 
four circuits; units and tens (Y'Y") of matrix switch 
A and hundreds and thousands (X'X") of matrix 
switch D. One ampere in the bias winding times 4 
turns equals 4 ampere turns of magneto-motive force. 
The Y'Y" and X'X" axes are wired with 12 turns 
around their respective switch cores. These 12 turns 
are wound in such a manner that their mmf opposes 
the bias winding mmf. Since the bias current divides 
equally through the Y'Y" and X'X" wiring, there will 
be 250 MA flowing through each coordinate wire. The 
250 ma's times 12 turns equals 3 ampere turns of mag- 
neto-motive force. It requires 2 ampere turns to flip 
a switch core. When one coordinate of a matrix switch 
is carrying current (3 ampere turns) in opposition to 
the bias current (4 ampere turns) , the effect of the 
bias current is nearly cancelled. When both coordin- 
ates are carrying current (3 + 3 = 6 ampere turns) , 
the effect of bias current is cancelled and the core will 
flip to its "one" state. If the current through one co- 
ordinate is removed, the core cannot flip back to its 
"zero" state since 3 ampere turns from the remaining 
coordinate are opposing the 4 ampere turns of the bias 
winding. Four minus three equals one turn which is 
not enough to flip the switch core to "zero". When the 
second coordinate current is removed, the 4 ampere 
turns of mmf in the bias winding will flip the core to 
its "zero" state. 
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Figure 4-28. Matrix Switch Bias Winding 



CIRCUIT OPERATION WITH SWITCH CORE NOT SELECTED 

Starting at + 30v, (Q Figure 4-29) the bias current 
passes through all switch cores in series to pin C of the 
current source (aly) cards. From pin C, the current 
passes through a noise elimination inductor, two 90£2 
5W resistors in parallel, TI, noise elimination inductor, 
and resistor in parallel, to pin G of the aly card. The 
+ 30v through the 4.7K resistor is for level setting. Pin 
G is wired to pin A of the fm card. 

The current then flows through T2, which is con- 
ducting, to the — 12v supply to complete the circuit. 

SELECTING A SWITCH CORE 

Prior to the selection of a switch core, the status of 
the transistors in the decode switch are as follows: 
(1) T4 conducting which places a minus potential on 
the base of T5. (2) T5 cut off by the action of T4. The 



addressing circuits place — S (— 12v) on pins A, B, C, 
and D. This reverse biases T4 and cuts it off, raising 
the potential at its collector to + 30v. The current in 
the 1.25 /jih inductor causes a sharp peak of potential 
to be placed on the base of T5 to bring it into conduc- 
tion more rapidly. 

With T5 in conduction, the ground at its emitter 
is available at pin E of the fl card, through the 
selected switch core to pin C of the fm card. However, 
current will not flow through this circuit until T2 is 
cut off thereby blocking the current path to -12v. 

CIRCUIT OPERATION WITH SWITCH CORE SELECTED 

As long as pin B of T3 is at + S, T3 will conduct, 
causing a forward bias to be applied to the base of T2 
which in turn stays in conduction. When the — S gate 
(R0-D4 for units of matrix switch A) is placed on pin 
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Figure 4-29. Matrix Switch Operation 
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B of T3, T3 is cut off. This removes the forward bias 
from T2 which in turn is cut off. With T2 cut off, the 
current seeks a new path which is found by passing 
through the diodes of the fm card, through the switch 
core, to ground through T5. Note: The direction of 
this coordinate current flow through the switch core 
is in opposition to the bias winding current flow. 

When a switch core in matrix switch A flips to the 
"one" state, it induces a current pulse in the winding 
connected to the memory array. This induced current 
produces the Y coordinate for a "read" out of memory. 
Matrix switch D provides the X coordinate. 

When the gate at pin B of T3 is removed (returns 
to + S) , T3 will conduct which in turn forward biases 
the base of T2 causing T2 to conduct and provide a 
path for the current flow to — 12v. Current will no 
longer flow from the current source (aly) to the 
ground through T5. As soon as the Y' and Y" current 
flow is cut off, the effect of the bias current, which is 
still present, will flip the selected switch core back to 
the "zero" state. When a switch core in matrix switch 
A flips to its "zero" state, it induces a current pulse in 
the winding connected to the memory array. This cur- 
rent pulse is induced in the opposite direction to that 
induced when a switch core was flipped to the "one" 
state. This current produces the Y coordinate for a 
"write" into memory. Matrix switch D provides the 
X coordinate. 



TCZ and DFA Cards 

Each card contains two latches which are logically and 
functionally independent. Each latch is shown on the 
system diagrams as one block. Therefore, one tcz or 
DFA card is represented as two separate blocks on the 
system diagrams (see Figure 4-30). On both tcz and 
DFA cards, a — S input to pin K or pin L will turn on 
latch no. 1. A +S input to pin P will turn on latch no. 1 
by collector pullover. Pin C is at a +S level when latch 
no. 1 is off and is at a — S level when the latch is on. 
Pin B is at a -S level when latch no. 1 is off and is at 
a +S level when the latch is on. 

Latch no. 2 of both the tcz and dfa cards is turned 
on by a — S input to the A or G pin. A +S input to pin 
F will turn on latch no. 2 by collector pullover. Output 
pin D is at — S when latch no. 2 is on and is at +S when 
the latch is off. Output pin E is at +S when the latch is 
on and is at — S when the latch is off. The tcz and dfa 
latches are turned off as follows: 

tcz — S applied to pin Q turns off circuit 1. 

— S applied to pin H turns off circuit 2. 

— S applied to pin R turns off circuits 1 and 2. 
DFA — S applied to pin Q turns off circuit 1. 

— S applied to pin H turns off circuit 2. 

— S applied to pin R turns off circuit 1. 



To turn on, make -S 



To turn off, moke -S. Q — 
R 




To turn on, make -S. ^ 
To turn off, make -S • 




? To turn on, make +S 
(Collector Pullover) 
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Figure 4-30. TCZ and DFA Latches 
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QU Cards 

These differential amplifier cards are used in the sms 
power supply regulators. All sms power supplies in 
the 1620 are referenced to ground. Refer to ibm Cus- 
tomer Engineering Manual of Instruction, 60 Cycle sms 
Power Supply (Form 225-6478) . The circuits on this 
card are shown in Figure 4-31. 
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Figure 4-31 . SMS Power Supply Differential Amplifier 



WJ Cards 

These alloy drivers are used as memory inhibit (Z) 
drivers, mars bit drivers, mars read drivers, and mars 
write drivers (see Figure 4-32) . When the inputs are 
at + S, a -f R level is at the output. When the inputs 
are at — S, the output goes to a — R level. 



Power Supplies 

The 1620 requires an input voltage of 208v ac or 
230v AC. The 208 v supply can vary between the limits 
of 187v and 228v and the 230v supply can vary be- 
tween 207v and 253v. 



CI 



T L-B 



WJ 
1—02. 



-E- 





Memory 






.-R 






R 




<^ ' 


E 






Inhibit 




YJB 




Windings 




^02—' 



■V+ 12 V 



Figure 4-32. Alloy-Driver 



SMS Power Supplies 

The internal functions of the individual sms power 
supplies and the theory of ferroresonant regulator trans- 
formers are discussed in the ibm Customer Engineering 
Manual of Instruction, 60 cycle sms Power Supply 
(Form 225-6478) . For normal operation, the 1620 sms 
power supply dc output voltages must be maintained 
within the following levels: 

+12 from +11.52 to +12.48 

+48 from +43.20 to +52.80 (Measured at 

power supply) 

-36 from -34.56 to -37.44 

-12 from -11.52 to -12.48 

+ 3 from + 2.94 to + 3.06 
All machine functions must operate correctly when 
the +12M DC supply is set between +10.2 and +13.8 
(Marginal test) . 

Power ON Sequence (Figure 4-33) 

The following describes the sequence, objectives, and 
functions of operations necessary to place the 1620 in 
a ready status. 

POWER CIRCUIT breaker (pCB) ON 

Objectives: 

1. Apply voltage to convenience outlets. 

2. Put the "Normal" relay, R105, under control of: 

a. ) R104 which in turn is controlled by the gate 

and memory overtemp thermal trips. 

b. ) SMS power supply overload trip cb contacts. 

3. Supply 24v dc for power on sequence control cir- 
cuits and DC monitor circuits. 

Turning the pcb on develops 24 and 48v ac. This 
voltage turns the thermal light on and picks Kl. The 
points of Kl make, supplying voltage to the conven- 
ience outlets and to the rectifier which develops 24v dc 
for sequencing. The sequencing voltage supplies poten- 
tial to the console power switch (01.05.03.1) . Depress- 
ing RESET picks R104 which remains up until the pcb is 
turned off or a thermal switch opens. When R104 is 
picked the thermal light goes off and R105 is picked. 
Relay 104 is under control of the n/c contacts of the 
over-temp thermostats. Normal power on and power off 
operation does not affect the operation of R104. There- 
fore, under normal conditions, reset need be operated 
only once after the pcb is turned on. 

console power switch on 
Objectives: 

1. Bring dc voltages up to operating levels. These 
voltages are: -36. -12, +12, +48, ±3, +30. The 
-f30v, used with memory addressing circuits, is 
brought up last to allow all biasing and level 
setting potentials to be up before the +30 is 
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Piu9 in Outlet 



)^ PCS (Power Circuit Breaker) 01.90.10.1 



Immed Off Switch N/C 01.05.03.T|- 



Convenience Outlets 110i> 

1620 - 01.90.10.1 

1621 -02.70.10.1 

1622 - 04.90.10.1 

1623 - 03.90.10.1 



24v Rectifier 
01.90.40.1 



) 'TI Tramfermer 

-jR104-3 N/C 



X^Thernnl Light 01.05.10.1 



)CK-1 

/ ( T2 Transformer 



Through oil N/C Gote 
and Mem Overtemp 
Thermostats in 
Series 01.90.42,1 
04.90.40.1 03.90.40.1 r-= 

Thermal Light 
01.05.10.1 



)i( Console Power Switch ON 01 .05.03. 1 



X 



>C Thermal Reset Key 01.05.03.1 

(R104 Holds through R104-2 N/O 

R104 & Thermal Contacts) 
01.90.40.1 

Tower Supply Overload CB't Closed 

(01.90.20.1 & 01.90.21.1) 
Console Power Sw Off 14-2 N/C 

(01.05.03.1) 
L24v Rectifier (01.90.40^ 
R105 X 
01.90.40.1 



> ^ 1621 Main Line Switch 
02.70.10.1 



, 1624 
^ Punch) 
Motor 
02,70.10.1 



1621 -48v 

^.^^^^[l , )ICl621 Drive Motor 02.83.70.1 
02,70.10.1 ^ 



02.70.10.1 



O/Toke Up,^ 
/TV. orxl A\ 
Supply Reel 

Motors 
02.83.70,1 



-E 



12v 



4? 



X 

1621 Timing 
Broke Disk 
and Lamp 

Clutch 02.83.60.1 

Control 



X 

Read 
Heod 
Lamp 



To Non 
Process 
Run Out 
Key 
02.83.60. 1 



Power On Light X ) 



01.05.10.1 



Typewriter 
Motor Sw on I 
01.90.32.2 
Typewriter ^ ^ 

Motor 
01.90.32.1 



cbXC 

AAotor 
01.90.32.1 



R 105-1 N/O 



01.90.40.1 



Memory Heater Control 

Therm Closed N/C 
M<95°F B>105°F 
01,90.40.1 

R102 

01.90.40.1 



> / Memory Heater 
^01.90.10.1 



R101 

01.90,40,1 



Fan Motors 
01.90.10.1 



To PCB 
Common 
02.84.50.1 



02.83.60.1 



02.83.60.1 



><-36v : 

Supply 
01.90.20.1 



^ 415 W Reg 
^ 01,90.20. 1 



>|CR109 
01.90,45.1 



:-l2v 
Supply A 
01.90.20.1 



X 



;|<Riio 

01,90,45.1 



-{R103-3N/O ^/R,o3 01.90,40.1 



^+4flv Supply 
01.90.21.1 



)(+30v Supply 01.90,21.1 



-|r117-2 



Mem Htr Control Therm | — 
Open (105OF) J 



R102 



R115-2N/d| 
Memory Undertemp Thermostat Closed p 



M>85°F 



B<80Pf 



Armory 1 



1250 W Reg 
^ 01.90.20.1 



-12v > 
Supply B 
01,90,20,1 



)l(Rni 

01,90.45,1 



'*-12v Supply 
01.90.20.1 



i3v MC 
Supply 
01.90.21.1 



01.90.45.1 



)j(R117 01.90.45.1 
Picks When 
■•■30 Reaches 26v 

Hold K-2 
/|C (117-1 N/O) 
01.90.40.1 



>j>'R115 01.90.45.1 
'T' Picks When +30 Reaches •t28v. 



)^R106 

01.90.40.1 



+48 Supply ^ 



* Switch 15-2 Op]-^ 
01.05.03.1 



Power Off Reset 
01.05.02.1 



) ^Ready Light 
01.05.10.1 



Figuie 4-SS. Power ON Sequence 
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applied. This prevents the +30 from disturbing 
memory when it is brought up. The +30 supply 
is dropped first in a power off sequence for the 
same purpose. 

2. Develop a power on reset to reset all functional 
units to their initial condition. 

3. Turn on blower fans and cb drive motor. 

4. Provide operating potentials to the 1621, 1622, 
1623, and 1624. The 1621 contains its own -48v 
supply. The 1622 contains its own — 20v, — 12v, 
+ 12v, and ±3v (marginal check) supplies. The 
1623 contains its own — 12v, +12v, +30v, and 
±:3v (marginal check) supplies. 

5. Place the memory heater and heater control relay 
(R102) in operation. 

6. Provide a computer ready indication, the "Ready" 
light. 

OPERATION OF R105, R102, AND THE MEMORY HEATER 

Relay 105 is picked through R 104-1, all sms power 
supply overload trip contacts n/c^ and the console 
power switch n/c. A circuit through R105-2 n/o paral- 
lels the power switch n/c points to hold R105 when the 
power switch is turned on. Turning on the console 
power switch picks RlOl, R102, and K2. Closing of 
R102-3 causes the memory heater to operate. The heater 
will continue to function until the temperature rises 
to 105°. At that time, the heater control thermostat will 
open to drop R102. The dropping of R102 turns oflE 
the heater and permits the pick of Ready R106 through 
the R115-2 n/o points and the memory undeirtemp 
thermostat. This puts the machine in a ready status 
and assures proper functioning of the cores. 

The memory heater will now maintain a core 
temperature of 95° to 105°F as controlled by the mem- 
ory heater control thermostat and Relay 102. 

POWER ON RESET 

When the — 12v supply "B" is established, the machine 
reset lines become operative and reset all machine 
units. This reset will remain in operation until the 
Ready R106 is picked indicating the machine is ready 
for functioning. 

Power Off Sequence 

The following gives the status of the power supplies 
and control circuitry prior to, and after, a power off 
sequence. Turning the console power switch off is 
the normal way to cause a power off sequence. The 
other power off sequences are for machine failure con- 
ditions and immediate off switch operation 

CONSOLE POWER SWITCH TURNED OFF (Figure 4-34) 
The 1620 is in a normal ready status prior to turning 

switch OFF. 



Relay picked: 101, 102 (depending on memory 
temperature), 103, 104, 105, 106, 109, 110, 111, 112, 
115, 117, and Kl, K2. 
All voltages are at operating level. 
CB motor and blower motors operating. 
Potential supplied to the 1621 and 1624. 
Power on light on. 
Status after power off sequence: 
Relays picked: 104, 105, and Kl. 
24v sequencing remains up. 
Convenience outlet voltage remains up. 

THERMAL ovERTEMP TRIP (Figure 4-35) 

The 1620 is in a normal ready status prior to thermal 
overtemp trip. 

Status after power off sequence: 
Relays picked: 101 andKl. 
24v sequencing remains up. 
Fan motor operating. 
Thermal light on. 
Power on light on. 

Convenience outlet voltage remains up. 

Restoring Procedure: Procedure for restoring 1620 to 
the ready condition after thermal trip is as follows: 

1. Clear condition causing thermal trip. 

2. Depress reset key (Picks R104) . 

3. Turn console power switch off then on to get 
normal power on sequence. Turning the console 
power switch off completes a circuit through 
R 104-1 n/o and the dc monitor network to pick 
RI05. 

SMS DC POWER SUPPLY OVERLOAD TRIP (Figure 4-36) 

The 1620 is in a normal ready status prior to power 

supply overload trip. 

Status after power off sequence: 

Relays picked: 104, 101, and Kl. 

24v sequencing remains up. 

Convenience outlet voltage remains up. 

Fan motors operating. 

Note: If the overload should trip on one of the 12v 
supplies, it can cause data in memory to be disturbed 
due to the + 30 supply dropping after the 12v supply. 

Restoring Procedure; Procedure for restoring 1620 to 
the ready condition after an overload trip is as fol- 
lows: 

1. Remove cause of overload. 

2. Restore power supply circuit breaker. 

3. Turn console power on switch off then on to get 
normal power on sequence. 
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LOSS OF 24v DC SEQUENCING CONTROL "IMMEDIATE OFF" SWITCH ACTIVATED 

This allows random drop out of relays. Data in This allows random drop out of relays which could 

memory could be disturbed. The thermal light is disturb data in memory. The power on light remains 

turned on and convenience outlets remain up. on and the thermal light is turned on. 



Power ON ■ 

Light 
01.05.10.1 



Power ON 

Reset 
01.05.02.1 



-36v Supply- 
01.90.20.1 



R 109 . 
01.90.45.1 



Console Power Switch OFF 
01.05.03.1 



R 101 

01.90.40.1 

' Fan Motors 
01.90.10.1 



R 103 

01.90.40.1 



R 115 

01.90.45.1 



■ R 106 
01.90.40.1 



Ready Light 

01.05.10.1 



R 102 

01.90.40.1 



Memory Heater 
01.90.10.1 



. 415w Reg 
01.90.20.1 



--1621 and 1624 
230 V Supply 



_ _ Typewriter 
Afetor 
01.90.32.1 



. R 117 
01.90.45.1 



K-2 

01.90.40.1 



. C B Motor 
01.90.32.1 



-|-1250w Reg 
01.90.20.1 



— 48v Supply 
01.90.21.1 



- - -12v Supply A 



R 110 

01.90.45.1 



12 V Supply B 



R 111 

01.90.45.1 



— +I2v Supply 



R 112 

01.90.45.1 



± 3v 
Supply 
01.90.21.1 



Power ON Reset 
01.05.02.1 



Figure 4-34. Console Power Switch Off 
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) ( Thermo) Light 
01.05.10.1 



R115 01.90.45.1 
4- R106 01.90.40.1 



' Reody Light 
01.05.10.1 



' Thermal Contact Opens 
01.90.42.1 

-- R104 01.90.40.1 



R105 01.90.40.1 
R103 01.90.40.1 
+30 V Supply 01.90.21.1 



)j( Power ON 
Reset 
01.05.02.1 



-- RJI? 01.90.45.1 



--R102 01.90.40.1 K2 01.90.40.1 



Memory Heater 
01.90.10.1 



Same as 
Power Switch 
OFF 



NOTE: R101 Stays up 

Which Keeps Fan 
Motors Energized 

Figure 4-35. Thermal Overtemperature Trip 



12v Supply A Overload CB Trips 

01.90.20. I 



R105 01.90.40.1 H- R110 

01.90.45.1 

--R103 01.90.40.1 



+30 V Supply 01.90.21.1 



R115 01.90.45.1 
R106 01.90.40.1 



Ready Light 
01.05.10.1 



) ( Pow9r On Reset 
01.05.02.1 



R117 01.90.45.1 



-- R102 01.90.40.1 

— Memory Heater 
01.90.10.1 



-h K2 

01.90.40.1 

SoiM At Power Sw Off 



Figure 4-36. SMS DC Power Supply Overload Trip 
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Section 5 Functional Units 



C/ock and Timing Chart 

A one megacycle free running crystal oscillator is the 
basic pulse generator for the machine. 

The output of the crystal oscillator is connected to 
both the ON and the off side inputs of a binary trigger 
for the development of clock drive pulses. When the 
trigger is turned on, a clock drive "A" pulse is devel- 
oped. One microsecond later when the trigger is turned 
OFF^ a clock drive "B" pulse is developed. Clock drive 
A and B pulses are developed alternately in this man- 
ner as long as the run trigger is on and the hold 
trigger is off. (The hold trigger is used in input-out- 
put operations to synchronize the input-output device 
with the computer.) See Figure 5-1. 

The clock ring is composed of ten triggers which are 
turned on at one microsecond intervals and remain on 
for ten microseconds each. The ten triggers are turned 
off at one microsecond intervals and remain off for 
ten microseconds each. The odd numbered clock trig- 
gers (C-1, C-3, C-5, C-7, and C-9) are turned on and 




ON 


OFF 


(A) • 


(B) 



Free Running 
One Megacycle 
Oscillator 
01.10.05.1 



Clock Drive 
Trigger 01.10.05.1 
(Changes Status with 
each Oscillation) 




01.10.05.1 



Figuic S-l. Clock Drive 



'w 01.10.05.1 



+S Clock 
Drive A 



OFF by clock drive B pulses "anded" with the outputs 
of even numbered clock triggers. The even numbered 
clock triggers (C-2, C-4, C-6, C-8, and C-10) are turned 
on and off by clock drive A pulses ANoed with the 
outputs of odd numbered clock triggers. The time re- 
quired to complete a clock ring cycle is twenty micro- 
seconds. 

Beginning with the clock drive B pulse which turns 
ON clock trigger C-1, the start of consecutive micro- 
second intervals are designated Ro through Rg, Wq 
through Wg, and To through Tg. Tg is followed by Rq. 

Figure 5-2 shpws a function chart and Figure 5-5 a 
sequence chart for the clock triggers. 

The outputs of two of the ten clock triggers are 
ANoed to develop required pulses and gates from 
1 (xj&ec to 19 ;asec in duration. Three examples are 
shown in Figure 5-3. 

A machine cycle has a duration of 20 [xsec and con- 
sists of one clock ring cycle. The functional cycle in 
the computer is defined as a memory cycle and con- 
sists of a machine cycle which begins at Wg clock 
time under control of the a/b trigger. Each memory 
cycle is a complete operation with respect to memory: 
that is, memory is addressed, read out of, and written 
into within the cycle. 

The ON-OFF status of the a/b trigger is changed each 
memory cycle when the C-7 clock trigger is turned on 
(Rg clock time) for the development bl "A advance" 
and "B advance" pulses (see Figure 5-4) . When the 
a/b trigger is turned on at Rg time of a particular 
memory cycle, an "A advance" pulse is developed at 
Wg time. On the following memory cycle, the a/b 
trigger is turned off at Rg time, and a "B advance" 
pulse is developed at Wg time. "A advance" and "B 
advance" pulses are developed in this manner on alter- 
nate memory cycles as long as the clock continues to 
run. The "A advance" and "B advance" pulses are 
used to initiate alternate memory cycles (see Fig- 
ure 5-5) . 

Figure 5-6 shows the timing chart for machine oper- 
ation. 

Figure 5-7 illustrates the functions and timings for 
the reading of a memory address from mars into mar 
and the writing of the address from mar back into 
mars incremented or decremented. 

Figure 5-8 illustrates the functions and timings for 
reading from memory, setting mbr and mdr, and writ- 
ing back into memory. 



Not C-10 Uh 



Clock Drive B 
•)yC-\ Lch 01.10.06.1 



Drive A 
XC-2 Lch 01. 10.06.1 



Clock Drive B 

r&>c-io 



(&)-^CIock Drive B 
XC-3 Lch 01.10.07.1 



Clock Drive A 

f&V-NotC-l 



4)«-Clock Drive A 
XC-4Lch 01.10.07.1 



Clock Drive B' 

S®-Not C-2 



(&)4-Clock Drive B 
XC-5 Lch 01. 10.08.1 



Clock Drive A 

^(&)*-Nof C-3 



Clock Drive B 
Ik, 



Clock 
&>♦ Drive 
$ A 

P|vC-6 Lch 01.10.08.1 



•( p^-Not C-4 



(&)«-Clock Drive B 
>^C-7Lch 01.10.09.1 



Clock Drive A . 

C&VNot C-5 



riock Drive B 



&)«- Clock Drive A 
)(C-8 Lch 01.10.09.1 



Not C-6 



&)*-Clock Drive B 
>(C-9Leh 01.10.10.1 



Reset key turns C-1, C-2, and 
C-3 Latches OFF and the other 
seven Latches ON. 



Clock Drive A' 

Not C-7 



Figure 5-2. Clock Trigger Sequence 



&;*-Clock Drive A 
>^C-10Lch 01.10.10.1 



Clock Drive B 

""T&KNot C-8 



Clock Drive A — 

-Not C-9 



+SC3 



Storting Time of Pulse or Gate 
Duration in MicrOMConds^ 



DE 



+S R2-D5 



■tS Notes 


DE 








♦SC4 






A 


-S R5-D8 or *i W6-D12 


•t5C6 


-S T4-D4 


4S NotC9 




A 


4S Notes 







Figure 5-3. Development of Timing Gates 



>: Inv 



C7 
(R6-D10) 



A Advonca 



DSP 

01.10.12.1- 




(ChongM SlaiM 
Each Memocy Cycle 
When C-7 Clock Leh 
i* Turned On at R6 
Time) 



Figure 5-4. A/B Trigger 



Functional Units 



RO R2 ^^4 ^6 W] W3 W5 Tq T2 T4 Rq R2 R4 W3 W5 Tq T2 T4 Rq 



Oscillator. 



ILllllLlllllllllllllllllULliaiLlllllilUl 



Clock Drive A 



Clock Drive B_ 



Clock Triggers 



C-1 _ 



C-2 



C-3. 



C-4. 



C-5. 



C-6. 



C-7 



C-8. 



C-9. 



C-10. 



A/B Trigger . 



Ri 



R3 



B B B 
10 Microseconds 



Wr 



W4 



W- 



W6 



W6 



T3 



Wn 



20 Microsecond Memory Cycle 



A Advance (A/B Trg ON) 
R 



W2 



Wo 



B Advance (A/B Trg OFF) 



Figure 5-5. Clock Sequence and Timing Chart 



W6 Tl T3 T5 Rl R3 R5 WO W2 W4 W6 



A/B Advance 
W6-D2 

Reset MAR 
Tl-Dl 

RD MARS Sample 
R0-D2 T2-D2 

MARS SA Sample 
T2-D2 

MARS Reset Gate 
T4-D4 

WR MARS Sample 
R3-D2 W3-D2 

Matrix SW Units IDR Sample 
R0-D4 

Matrix SW Tens lOR Sample 
R0-D8 

Matrix SW Hund IDR Sample 
R1-D4 

Matrix SW Thou IDR Sample 
RI-D7 

Memory SA Strobe 
R1-D2 

Inhibit DR Sample 
W0-D5 

Reset MBR and MDR 
T3-D3 

Set Odd-Even Trg 
T5-D3 

Block MBR C Bit Corr 
T2-D8 

Reset M/Q and D/B Reg 
T3-D7 

D/B Reg Set 

Not C8 Clock Pulse 

Reset OP Reg 
R2-D5 

Transfer MDR to MBR 
R2-D5 

Set MDR-Sample I/O 

T3-D7 

Branch Sample 
T2-D7 

Increment +2 Gate 
W6-DI2 

MARS Addr Entry 
T4-D7 T4-DI5 

Set Fixed MAR Address 
W6-D5 

Digit Reg to MARS Gate 
R5-D6 

Test VRC Trgs 
W2-D3 



01.10.12.1 
01.59.10.1 
01.10.30.1 

01.10.30.1 
01.10.25.1 
01.10.30.1 
01.10.30.1 
01.10.30.1 
01 .10.30.1 
01.10.30.1 
01.10.30.1 
01 .10.30.1 
01.40.03.1 
01.43.10.1 
01.40.50.1 
01.10.15.1 
01.10.22.1 
01.20.12.1 
01.40.05.1 
01.47.10.1 
01.25.05.1 
01.10.22.1 
01.10.25.1 
01.59.10.1 
01.10.22.1 
01.10.15.1 



Trg 16, 34 & 36 



W6 Tl T3 T5 Rl R3 R5 WO W2 W4 W6 



Figure 5-6. Timing Chart 



Functional Units 



Tq T2 T4 Rq R2 R4 W, Wt W 



1 ^3 W5 



W4 



Trg 16, 34, & 36 



Reset AiVkR 

Read from MARS 

A/IARS Sense Amplifiers 

Set Address in AAAR 

Incr/Decr Switch Gate 
T4-D7or T4-D15 

Writ^?fto AAARS 



Figure 5-7. MARS-MAR-Increment/Decrement MARS Timing 
Chart 



Memory 

Memory (01.30.01.1 -01.30.80.1) is a three-dimensional, 
coincident-current core system using ferrite cores. It 
consists of twelve planes of 10,000 cores each in a 
100 X 100 square matrix. From front to back of the ibm 
1620 machine the planes are arranged as follows: (see 
Figure 5-9) 

Plane 1 1 bit odd addresses 
Plane 2 1 bit even addresses 
Plane 3 2 bit odd addresses 



0 ■'■2 T4 Rq R2 R4 W, W3 



Set Address in MAR 

T3-D3 

Reset MBR & MDR 



R0-D4-I 
Units 



R0-D8 
Tens 



R1-D41 
Hunds 



R1-D7 
Thous 



A^frix Switch A 
(Y Axis) 



Matrix Switch D 
(X Axis) 



R1-D2 

Read from Atemory 

Set MBR & MDR 

W0-D5 
Inhibit 

Write into Memory 



Figure 5-8. Memory - Read and Write" Timing Chart 
H 



Plane 4 
Plane 5 
Plane 6 
Plane 7 
Plane 8 
Plane 9 
Plane 10 
Plane 11 
Plane 12 



2 bit even addresses 
4 bit odd addresses 
4 bit even addresses 
8 bit odd addresses 
8 bit even addresses 
F bit odd addresses 
F bit even addresses 
C bit odd addresses 
C bit even addresses 



Plane 1 1 Odd 



Plane 2 1 Even 



Plane 3 2 Odd 



Plane 4 2 Even 



Plane 5 4 Odd 



Plane 6 4 Even 



Plane 7 8 Odd 



Plane 8 8 Even 



Plane 9 F Odd 



Plane 10 F Even 



Plane 11 C Odd 



Plane 12 C Even 



Memory Array Viewed from Rear of 1620 
Figure 5-9. Memory Array 



Each memory core is threaded by an X and a Y 
address wire, a sense wire, and an inhibit wire. The 
X and Y wires form a rectangular coordinate system 
so that a particular pair of X and Y wires in one plane 
will intersect at just one core (see Figure 5-10). The core 
is selected by driving a half select current (14 1^) 



AAemory Plane X Lines & Y Lines 
Viewed from Rear of 1620 



121 



Top 
72 67 



18 



09900 
(1) 



05000 
(1) 



,00000 

04900 00100 (1) 

(1) 00200, (n 



(1) 



See 
^ Detail 



18 



19948 
(9) 



15048 
(9) 



14948 
(9) 



^10000 

(1) 



00002 
(3) 



00048 
■ (9) 



67 



10048 

(9) 



^ 

00050 

(1) 



72 



09950 
(1) 



V 



09998 
(9) 



05050 
(1) 



15098 
(9) 



f5 
04950 

0) 



14998 
(9) 



Y Lines 



10098 
(9) 



X Lines 



121 



19998 
(9) 



121 



Plane 12 



72 67 



Bottom 



18 



Figure 5-10. Memory Plane 



along each of the two wires. Corresponding X and Y 
wires for each of the twelve planes are connected in 
series (see Figure 5-11) , 

Each of the 12 planes has a sense winding that in 
effect passes through every core in that plane. The 
sense winding of each plane is wound in a figure eight 
pattern and is physically divided into two parts, above 
50 (>50) and below 50 (<50) , resulting in two wind- 
ings per plane. The output of each of these 24 sense 
windings is connected to a bipolar pre-sense amplifier. 
Each pair of pre-sense amplifiers associated with a given 
plane is then connected to a sense amplifier. The out- 
put of the sense amplifier is used to set a latch in mbr. 
Figure 5-12 shows the detail of a single memory core 
with all windings in place. 

The output of a sense winding at "read" tim'e can 
be cither a positive going pulse or a negative going 



pulse depending on the physical positioning of the 
cores in relation to the X and Y lines. The output of a 
sense winding is connected to a bipolar pre-sense 
amplifier which can accept pulses of either polarity. 
The sense winding will also have a positive going or 
negative going pulse induced in it at "write" time. 
Discrimination between "read" and "write" is accom- 
plished by gating the pre-sense amplifier with a "mem- 
ory sense amp-strobe", so that pulses sensed during 
"read" time only will be amplified and used to set an 
MBR latch. , 

To clear a location in memory, the memory sense 
amp-strobe is blocked from reaching the pre-sense am- 
plifiers. Under this condition an mbr latch will not 
be set. Control of the memory sense amp-strobe is exer- 
cised by the "Read Y Point" or "Block Memory SA." 
When the machine function calls for clearing a single 
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location, odd or even, the "Read Y Point" is used. 
"Read Y Point" blocks the sense amp-strobe, either odd 
or even, depending on whether the address in mar is 
odd or even. "Block Memory SA" blocks the sense amp- 
strobe to all pre-sense amplifiers (odd and even) , re- 
gardless of the address in mar. This effectively clears 
two locations in memory at one time (see Figure 5-15) . 

See Figures 5-13 and 5-15 for sense winding configura- 
tion and control of pre-sense amplifiers. 



Each of the 12 planes also has an inhibit winding 
that in effect passes through every core in that plane. 
The inhibit winding of each plane is physically 
divided into two parts, resulting in two windings per 
plane. The two windings are wired in series and act as 
one. Both are controlled by one of the 12 latches in the 
memory buffer register (mbr) See Figure 5-14. 

Figure 5-16 shows the circuits for controlling the 
greater than 50 (>50) trigger. 

During the "read" part of the memory cycle, a cur- 
rent is sent along an X and a Y lines which intersects 
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at the selected core in each of the twelve planes. Each 
line carries 1/2 1^ current. 

The combined field of the X and Y lines reverses 
the magnetic polarity of the core if a "one" is stored 
but does not affect the polarity if a "zero" is stored. 
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Figure 516. >50 Trigger 



When a "one" is read out, the change in polarity in- 
duces a voltage pulse in the sense winding which is 
rectified, amplified, and used to set a latch in mbr. 
The contents of twelve selected cores are thus stored 
in the twelve latches comprising mbr. The outputs of 
the MBR latches condition the inhibit drivers. 

During the "write" portion of the memory cycle, a 
"one" is written back into all the selected cores unless 
prevented by the inhibit winding. "Writing" is ac- 
complished by sending a 1/2 current along the 
selected X and Y lines in the opposite direction from 
the read currents. If it is not desired to write a "one" 
in the selected core of a particular plane, a. 1/2 cur- 
rent is sent through the inhibit winding of that plane 
in such a direction as to oppose the write current. The 
core will therefore remain in its "zero" magnetic state. 

The circuitry for selecting memory cores consists of 
a memory address register (mar) , decoding switches, 
and a magnetic core matrix switch. Each memory 
plane has 100 X lines and 100 Y lines and it is neces- 
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sary to select one line of each coordinate. This is ac- 
complished by using two matrix switches, each of 
which has 100 switch cores arranged in 10 x 10 matrices. 
Here, as in the memory plane, it is necessary to select 
one line of each coordinate to select one switch core 
which in turn is connected to one line serving memory. 
Thus, by selecting four lines (two per matrix switch) , 
it is possible to select any X and Y line in memory 
(see Figure 5-17) . 

The Y' lines of matrix switch A are addressed by the 
units position of the memory address register (mar) 
and the Y" lines are addressed by the tens position of 
MAR. The one bit trigger in the units position of mar 
is not used for addressing the matrix switches. The one 
bit latch in the ten thousand (lOK) portion of mar 
is combined with the 8, 4, and 2 bit latches in the 
units position, to distinguish addresses above 10,000 
from those below 1 0,000. 

An address in mar causes the decode switches to pre- 
sent a ground (zero volts) to one end of the Y' - Y", 
X' - X" lines in the matrix switch. The current source 
and current drivers under control of a gate will pro- 
vide +30 volts to the other end. The current that flows 
in each line is capable of reversing the polarity of the 
switch core (I,„) . A bias winding carrying is wound 
on every switch core and is connected in such a man- 
ner as to try to maintain the "zero" condition of each 
switch core. When the Y' and Y" or X' and X" lines 
are energized (see Figure 5-8 for timing) , one line 
overcomes the effect of the bias winding while the 
other causes the switch core to reverse its magnetic 
polarity, or flip, to the "one" state. When the switch 
core flips to the "one" state, it induces a current pulse 
by transformer action into the Y or X lines threading 
memory. This is the "read" current in memory as pre- 
viously described. At "write" time for memory the 
Y' - Y" and X' - X" current is cut off. The bias winding 
then flips the switch core to its "zero" status. The re- 
turn of the switch core to its "zero" status induces a 
current pulse into the X and Y lines in memory in a 
direction opposite to that of the "read" current. This 
current is the "write" current in memory as previously 
described. 

Each odd memory address differs only from the 
next lower even address by having a one bit in the 
units position. Because the output of the one bit latch 
in the units position of mar is not used for address- 
ing memory, addresses 00000 and 00001 in mar actual- 
ly select the same X and Y lines in meraor)'. The same 
thing is true of all even-odd addresses. Due to the 12 
plane (2 digit) wiring scheme of memory, an even 
address will cause the readout of the digit at that 
specific address and the digit at the next higher odd 



address. Conversely, an odd address will read out the 
digit at that specific address and the digit at the next 
lower even address. 

Memory Buffer Register (MBR) 

The memory buffer register is a 2-digit storage unit 
which is used as follows: (1) to store data that is read 
from memory for availability to other registers; (2) to 
store data that is to be written into memory; and 
(3) to control the entry (writing) of data into memory 
by exercising control over memory plane inhibit lines. 

MBR is divided into MBR-even (01.40.07.1 to 
01.40.09.1) and MBR-odd (01.40.17.1 to 01.40.19.1), 
each of which is capable of storing a single digit. Each 
is composed of six latches (C, F, 8, 4, 2, and 1) . When 
memory is addressed to read out, the digit at the even 
address is stored in MBR-even and the digit at the odd 
address in MBR-odd. 

Early in each memory cycle mbr is normally reset 
to nothing (C, F, 8, 4, 2, and 1 latches off) so that 
new data may be stored later in the cycle. Near the 
end of each cycle the two halves of mbr are checked 
independently for odd parity. 

Figure 5-18 indicates data paths to and from mbr. 

Figure 5-19 shows example of mbr latch control of 
inhibit function. 



Memory Data Register IMDR) 

The memory data register is a single digit storage unit 
whose functions are as follows: (1) to store the specific 
even or odd digit that is designated to be read from 
memory by the address in mar for availability to other 
registers; and (2) to store data that is to be written 
into memory via MBR-even or MBR-odd. 

MDR (01.45,05.1 to 01.45.07.1) consists of six latches, 
one for each of the C, F, 8, 4, 2, and 1 bits, 

MDR is normally reset to nothing (C, F, 8, 4, 2, and 
1 latches off) early in each memory cycle so that new 
data may be stored later in the cycle. 

Figure 5-20 shows data paths to and from mdr. 



Memory Address Register Storage (MARS) 

MARS is a coincident-current core system consisting of 
a single plane in a 24 x 16 rectangular matrix (System 
Diagrams 01.57.05.1 to 01.57.32.1). The basic 1620 
machine uses only a part (24x8) of the available 
storage. 

Figure 5-21' shows the "read" winding. The "read" 
winding is threaded through each core twice, each 
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Figure 5-18. Data Paths To and From MBR 



■t^S MBR 
C Bit Even 



+S MBR 
Not C Bit Even 



+S CF8 True 
( CE Sw 3 Normolly True) 



CP 8 Complement 
(CESwS Normally True) 



-S Fires 
Inhibit Driver 



/\ Inhibit 
Drivers 

+12 V 



-R Inhibit , 



123 



I ; 



Connector Wiri 



ing 



122 D 



123 



122 B 



Figure 5-19. MBR Control of Inhibit Function 



MAR' 



Tens Units j 



C Bit 
Corrector 



To MBR-Even 



To MBR-Odd 



From MBR-Even 
And MBR-Odd 



C Bit 
Corrector 






Input 
Device 










Output 
Device 



1 1 



MDR 



(Divide Option) 



Digit/ 
Branch 
Register 



Tens 



Units 



Figure 5-20. Data Paths To and From MDR 



Multiplier/ 
Quotient 
Register 



Tens Units 



Operation 
Register 



FLr 



1 

3d 



/ / ff i 

it 



Read Windings 



IR-2 
b3 



Lji ' ^ 

Figure 5-21. MARS Plane-Read Winding 
52 



IR-1 
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traverse supplying 14 !„. The two turns supply full !,„ 
which will flip the core to its "zero" state if a "one" 
was stored in it. 

Figure 5-22 shows the sense winding. The two ends 
of the sense winding are connected to a bipolar sense 
amplifier which will accept positive or negative pulses. 
The output of the sense amplifier sets a trigger in mar. 
At "read" time any cores that flip will induce a pulse 
in the sense winding. A core that is flipped during 
"write" time will also induce a pulse in the sense wind- 
ing. To discriminate between "read" and "write" time, 
the sense amplifier is gated by the mars sense amplifier 
gate. To reset a mars register, the read winding for 
that register can be energized at a time when the mar 
sense amp gate is not available. An induced pulse in 
the sense winding at this time is not detected. 

Figure 5-23 shows the "write" lines and "bit" lines 
which form the coordinates for writing into a core. 
To write into a specific mars register, coincidence of the 
"write" lines for that register and the "bit" lines is re- 
quired. The bit drivers for each position (units, tens, 
hundreds, etc.) are controlled separately to permit writ- 
ing into one or two positions of a mars register with- 
out affecting the other positions. 
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Figure 5-22. MARS Plane— Sense Winding 



Memory Address Register (MAR) 

The memory address register (01.57.05.1 -01.57.32.1) 
is a 5-digit storage unit which is used to address mem- 
ory (locate X and Y axes) for reading from memory or 
writing into memory. The 1 bit latch in the units 
position controls the odd-even trigger. The odd-even 
trigger has two functions: (1) to determine whether the 
content of MBR-odd or MBR-even is transferred to mdr 
to place the specific digit addressed by mar in mdr; 
(2) to determine which memory sense amplifier (odd 
or even) is blocked for clearing a specific memory 
location. 

The units, tens, hundreds and thousands positions 
of MAR each consist of five latches (C, 8, 4, 2, and 1) . 
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Figure 5-23. MARS Plane— Bit Winding and Write Winding 



The ten-thousands position consists of four latches 
(C, 4, 2, and 1) . The I bit latch in the ten-thousands 
position is used in addressing memory, and all four 
latches in the ten-thousands position are used in the 
detection of invalid memory addresses. 

The ten-thousands position of mar contains either 
a "one" or a "zero" for all valid memory addresses 
unless a 1623 is attached. Near the end of each memory 
cycle, mar is checked for invalid digits in the ten-thou- 
sands position and for odd parity in each of the five 
positions. 

mar is normally reset to nothing (all latches off) 
at the beginning of each memory cycle, so that a new 
address may be entered from mars for addressing 
memory. 

In operations using the add table, 0, 0, 3 is set in the 
ten-thousands, thousands, and hundreds position, re- 
spectively, to define the add table area in memory. In 
operations using the multiply table, 0, 0 is set in the 
ten-thousands and thousands positions to complete the 
multiply table address. At the beginning of multiply 
and load dividend operations, "00080" is set in mar to 
define the starting address for clearing the product 
area in memory. Depression of the insert key on the 
console sets "00000" in mar to define the starting ad- 
dress for manual insertion of instructions. 

Figure 5-24 shows data paths to and from mar. 



hcrement/Decrerr^ent Switch 

The status of the decrement latch (01.60.05.1) deter- 
mines whether addresses in mar are incremented or 
decremented before they are written in mars by con- 
trolling the increment/decrement switch (oFF-incre- 
ment, oN-decrement) . 

The increment/decrement switch (System Diagrams 
01.55.02.1 to 01.55.45.1) is a network of and and 
OR switches which provide increment plus 1, incre- 
ment plus 2, or decrement minus 1 functions. A decre- 
ment —2 is supplied with the Indirect Addressing 
feature. 

Increment plus 1 and decrement minus 1 are the 
normal functions of the increment/decrement switch, 
depending on the status of the decrement latch. 

Where it is required to read out to mar and return 
an address unchanged to mars, a bypass around the 
increment/decrement switch is available. 

Where it is required that an address in mar be in- 
creased by 2 before placing it in a mars register, an 
increment +2 function is available. 

Figure 5-25 shows the data paths to, from, and by- 
passing the increment/decrement switch. 
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Figure 5-24. Data Paths To and From MAR 
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Operation Register and Decoder 

The operation register (System Diagrams 01.20.07.1 to 
01.20.12.1) is a 2-digit storage unit which is used to 
store the operation code (digits Oo and Oj) of each 
instruction for the duration of the operation specified 
by the instruction. The contents of the operation 
register are decoded to determine the operation to be 
performed. The output of the decode network con- 
trols circuits to accomplish the operation objectives. 

The units position of the operation register consists 
of five latches (C, 8, 4, 2, and 1 bits) and the tens posi- 
tion of the operation register consists of four latches 
(C, 4, 2, and 1 bits) . The decoder (System Diagrams 
01.20.13.1 to 01.20.42.1) is composed of a network of 
AND and OR switches connected to the outputs of the 
latches comprising the operation register. 

The operation register is reset to zeros (C bit latches 
on; 8, 4, 2, and 1 bit latches off) prior to entry of a 
new operation code. The C bit latches remain on or are 
turned off as required by the bit combinations of the 
new operation code. 

Figure 5-26 shows data paths to and from the opera- 
tion register and decoder. 



Digit/Branch Register and Decoder 

The digit/branch register (System Diagrams 01.50.07.1 
to 01.50.19.1) is a 2-digit storage unit which is used for: 
(1) loading of P and Q addresses in mars during the 
instruction cycle; (2) storing factors in arithmetic oper- 
ations for use in the development of add table and 
multiply table addresses; (3) storing the Qs, and Q,, 
digits of read, write, control, branch indicator, and 
branch no indicator instructions. 

Each position (units and tens) of the digit/branch 
register consists of five latches (C, 8, 4, 2, and 1 bits) . 

Each digit/branch register position is controlled to 
store data or to reset to nothing (that is, C, 8, 4, 2, and 
1 latches off) , independent of the other position. 

In multiply operations, it is required that the multi- 
ply table digit in the tens position of the digit/branch 
register be transferred to the units position for proc- 
essing; therefore, a data flow path is provided to ac- 
complish this transfer. The contents of the digit/branch 
register are decoded to determine: (1) the input or 
output unit to be used in read, write, and control in- 
structions; and (2) the program sense switch or indi- 
cator to be interrogated in branch indicator and branch 
no indicator instructions. The decoder is composed of a 
network of and and or switches connected to the out- 
puts of the latches comprising the digit/branch register. 

Figure 5-27 shows the data paths to and from the 
digit/branch register positions. 
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Figure 5-26. Data Paths To and From Operation Register and 
Decoder 



True/Compiement (T/C) Switch 

The true/complement switch (01.60.34.1 -01.60.38.1) 
is used on arithmetic operations in the development of 
add table addresses to be set in mar. 

The t/c switch consists of a network of and and 
OR switches connected to the outputs of the latches 
comprising the units position of the digit register. Con- 
trol of the t/c switch is exercised by the status of the 
true/complement trigger (01.63.20.1). With the t/c 
trigger on, "true" control exists and digits presented 
to the t/c which appear unchanged at the output of 
the switch. With the t/c trigger off, "complement" 
control exists and the 9's complement of digits pre- 
sented to the t/c switch appear at the output of the 
switch. 

Digits at the output of the t/c switch bypass the 
carry switch if the carry in trigger is off. Digits (true 
or complement) at the output of the t/c switch are 
increased in value by one by the carry switch if the 
carry in trigger is on, denoting: (1) a carry from addi- 
tion of the two previous digits, or (2) the add table 
address for the units position of a sum or difference is 
being developed on a complement operation. (If the 
output from the t/c switch is a "9" and the carry in 
trigger is ox resulting in a zero (9 -j- carry) output 
from the carr)- switch, the carry out trigger will be 
turned ox to provide for increasing the value of the 
next digit to the left by one.) 

Figure 5-28 shows the data paths to and from the t/c 
switch and carry switch. 
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M ultiplier/ Quotient Register 

The multiplier/quotient register (01.62.50.1-01.62.52.1) 
is a single digit storage unit which is used in multiply 
operations to store each digit of the multiplier until it 
has been used with each digit of the multiplicand. 
It is also used to store the quotient digit developed on 
a divide operation. The multiplier/quotient register 
consists of five and latches, one for each bit (C, 8, 4, 2, 
and 1) . 

The multiplier/quotient register is reset to zero (C 
bit latch on; 8, 4, 2, and 1 bit latches off) early in the 
memory cycle in which a new multiplier digit is to be 
stored. The C bit latch remains on or is turned off as 
required by the bit combinations of the new multiplier 
digit. 

Figure 5-29 shows data paths to and from the multi- 
plier register. 
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Doublet 

The doubler (01.62.55.1-01.62.60.1) is used on multi- 
ply operations in the development of multiply table 
addresses to be set in mar. The doubler consists of an 
AND network gated by trigger 35 and connected to the 
outputs of the triggers comprising the multiplier /quo- 
tient register. Its function is to double the value of the 
multiplier digit and increase the value of the resulting 
tens position digit by one. 

Figure 5-30 shows data paths to and from the doubler 
and gives examples for specific multiplier digits. 



C Bit Correctors 

C bit correctors (01.40.50.1 and 01.45.50.1) perform the 
function of maintaining correct parity where it is de- 
sired to clear an F bit from a digit or set an F bit with 
a digit. Any digit in mdr will be correct, exclusive of the 
F bit. Although an even number of bits may exist in the 
MDR latches, the console lights will always display an 
odd number of bits. 

F bits are not used in the operation register, the 



digit/branch register, the memory address register 
(mar), or the multiplier/quotient register. Data is 
routed from memory to these registers through mbr- 
even, MBR-odd, or mdr. 

MBR to MDR 

A digit will have odd parity in mbr but a C bit corrector 
may change the C bit to maintain odd parity "ex- 
clusive" of the F bit in mdr (see Figure 5-31) . The F 
bit and C bit corrector network between MBR-even or 
MBR-odd and mdr functions as follows: 

1. An F bit in mbr will turn on the mdr F bit latch. 

2. An 8, 4, 2, or 1 bit in mbr will turn on the respec- 
tive MDR latch. 

3. The MBR F hit and C bit latches are analyzed by 
the "exclusive or" network. 

a. If they are both on or both off, no C bit will 
be set into mdr. 

b. If either one is on and the other off, a C bit 
will be set into mdr. 

Because digits in mdr have correct parity exclusive 
of the F bit, these digits may be transmitted from mdr 
to the operation register, d/b register, mar^ and the 
m/q register without additional C bit correction. 

MDR to MBR 

Since the F bit does not enter into the parity of mdr, 
the C bit must be corrected in the process of trans- 
ferring data from mdr to mbr. Data flow from mdr to 
MBR is shown in Figure 5-32. Note that the mdr C bit 
console lamp operates from the output of the C bit 
corrector, thus indicating odd parity in mdr although 
an even number of latches may be on. The C bit is cor- 
rected through an exclusive or circuit as follows: 

1. If the MDR F bit and C bit latches are both on or 
both off, no C bit will be set into mbr. 

2. If either one (F bit or C bit latch) is on and the 
other is off, a C bit will be set into mbr. 
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Section 6 Console and CE Panel 



Console 

The console is an integral part of the 1620 Computer 
unit and consists of the typewriter and the console 
panel with its indicator lights, switches, control keys, 
and signal lights. 

The typewriter is both an input and an output device. 
As an input device, the typewriter keyboard is used 
to enter instructions and data into memory. As an out- 
put device, the typewriter is used to print information 
from memory. Typewriter functions are described in 
Section 13, Input-Output Devices, and Section 14, In- 
put-Output Operations. 

The console panel is shown in Figure 6-1 and the 
functions of its lights, switches and keys are discussed 
in this Section. 

Register Displays 

The contents of the registers within the computer are 
displayed on the console panel by means of small in- 
candescent lights. Each bit in each register position 
is represented by a light, and the light is on when the 
bit which it represents is present in the digit displayed. 
The following registers are displayed: 
Memory Address Register fMARj: Five rows of five in- 
dicator lights each display the bit configuration of 
the five-digit address that is placed in mar. 
Memory Buffer Register (mbr); Two rows of six in- 
dicator lights display the bit configuration of the 
addressed digit and its associated digit. The digit in 
the even numbered memory location is displayed in 
the row of lights labeled "E"; the digit in the next 
higher numbered memory location is displayed in 
the row of lights labeled "O". 
Memory Data Register (mor): One row of six indica- 
tor lights displays the bit configuration of the speci- 
fic digit that is addressed. The digit displayed in the 
MDR lights is duplicated in the MBR-even or MBR-odd 
lights, depending on whether the address in mar is- 
even or odd. 

Digit /Branch Register: Two rows of five indicator 
lights display the bit configuration of digits placed 
in the units and tens position of the digit/branch 
register. 

Operation Register: Two rows of five indicator lights 
display the bit configuration of the two-digit oper- 
ation code placed in the operation register during 
an instruction cycle. 



Multiplier / Quotient Register: One row of five indi- 
cator lights displays the bit configuration of each 
successive multiplier or quotient digit while it is 
present in the register. 

Machine Check Trigger Lights 

The ON and off status of check triggers within the 
computer is represented by small incandescent lights 
on the console panel. The indicator light associated 
with a check trigger is on when the check trigger is on 
and OFF when the trigger is off. 

When a check trigger is turned on, the computer 
continues to operate or stops, depending on the setting 
of the console check switch associated with the check 
trigger. If the check switch is set to stop, the compu- 
ter stops after detection of the error condition. If the 
check switch is set to program, the computer continues 
to operate and the status of the check trigger can be 
interrogated by branch indicator or branch no in- 
dicator instructions. If a check trigger that is on is 
interrogated, the trigger is turned off as a result of 
the interrogation. Depression of the console reset key 
turns off all check triggers that are on. 

The functions of the various check triggers are de- 
scribed as follows: 

overflow check 

The overflow check trigger and console indicator light 
are turned on when an overflow 'condition occurs in 
an add, subtract, compare, or divide operation. The 
overflow check switch on the console is associated with 
the overflow check trigger. 

MEMORY ADDRESS REGISTER CHECK 

The MAR check trigger and console indicator light are 
turned on when a digit with incorrect parity or an in- 
valid address is present in mar. A mar check will stop 
the computer at the end of the memory cycle in which 
the error occurs unless CE switch 9, mar stop bypass, 
is operated. The console switch has no stop or pro.gram 
function with a mar check. 

Note: Each of the four lights in the following group 
is associated with triggers. which check parity at points 
in the system data flow, mbr-e and mbr-o checks are 
associated with a console check switch. Read and write 
checks are associated with a console check switch. 
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Figure 6-1. Console 



MEMORY BUFFER REGISTER— EVEN CHECK 

The MBR-even check trigger and console indicator light 
are turned on when the digit in MBR-even has incor- 
rect parity. 

MEMORY BUFFER REGISTER — ODD CHECK 

The MBR-odd check trigger and console indicator light 
are turned on when the digit in MBR-odd has incor- 
rect parity. 

READ (rd) check 

The rd check trigger and console indicator light are 
turned on when a character with incorrect parity is 
presented to the input translator. 

WRITE (WR) check 

The WR check trigger and console indicator light are 
turned on if a character with incorrect parity is pre- 
sented to an output device, an even number of type- 
writer bit relays are energized, an even number of holes 
are punched by the paper tape punch, or the output 
device fails to return a response signal to the computer. 

Machine Timer Trigger, Auxiliary Trigger, and 
Control Gate Lights 

The ON and off status of instruction cycle timer trig- 
gers (I timers) , execution cycle timer triggers (E 
timers) , certain auxiliary triggers, and certain con- 
trol gates within the computer is represented by small 
incandescent lights on the console panel. The indica- 
tor light is ON when the trigger or control gate is on^ 
and OFF when the trigger or control gate is off. 

These lights are grouped in the three upper left 
sections of the console panel and are titled "Instruc- 
tion and Execute Cycle," "Control Gates," and "In- 
put-Output." They are individually labeled for identifi- 
cation and are primarily intended for use by the Cus- 
tomer Engineer in machine trouble analysis. How- 
ever, some of the indicator lights such as the high/plus 
(h/p) and the equal/zero (e/z) in the Control Gates 
section, may have significance to the machine operator 
as well as to the Customer Engineer. 

Switches 

MAR DISPLAY SELECTOR SWITCH (01.05.05.1) 

This eight-position rotary switch is used to select 
one of the eight mars registers for display in the mar 
indicator lights. When selection of the particular mars 
register has been made by means of this switch, de- 
pression of DISPLAY MAR causes the contents of the 
selected register to be displayed in the mar display 
lights. This switch is also used in conjunction with CE 
switch 7 (increment) . 



CHECK switches 

The parity check, overflow check, and i/o check 
switches are associated with check triggers within the 
computer and provide a means of directing the com- 
puter to stop or continue with the program when a 
check trigger is turned on. If a check trigger is turned 
on with the associated check switch set to stop/ the 
computer stops after detection of the error condition. 
If the check switch is set to program^ the computer 
continues to operate, and the status of the check trig- 
ger can be interrogated by branch indicator or branch 
no indicator instructions. 

Parity Check Switch: (01.05.02.1). This switch deter- 
mines the function of the MBR-odd and/or MBR-even 
parity check triggers. When the parity check switch is 
set to stop and either the MBR-even or MBR-odd check 
trigger is turned on, the computer stops at the end of 
the memory cycle in which the parity error is detected, 
unless the execution cycle of an input-output opera- 
tion is in progress. If one or both of the triggers is 
turned on during an input-output operation, the 
computer stops only upon completion of the read 
or write operation. 

I/O Check Switch: (01.05.02.1) . When the i/o check 
switch is set to stop and either the read (rd) or 
write (wr) check trigger is turned on, the com- 
puter stops only upon completion of the read or 
write operation. (If a parity error is detected when 
punching paper tape, the computer remains in the 
automatic mode but suspends operation with the in- 
correct character still under the tape punches, with- 
out regard to the setting of the i/o check switch.) 

Overflow Check Switch: (01.05.02.1) . When the over- 
flow check switch is set to stop and the overflow 
check trigger is turned on, the computer stops upon 
completion of the operation during which the over- 
flow condition is detected. 

PROGRAM switches (01.05.02.1) 

The four program (console sense) switches, num- 
bered 1 through 4, are toggle switches with on and off 
settings for use with branch indicator and branch no 
indicator instructions. When a switch is set to on and 
interrogated by a branch indicator instruction, the 
branch occurs. If the switch is set to off, the branch 
does not occur and the next instruction in sequence 
is executed. 

If a branch no indicator instruction is used to inter- 
rogate one of the switches, the branch occurs when 
the switch is set to off. 



62 



JONSOLE POWER SWITCH (01.05.03.1) 

The power switch on the console is a double pole, 
single throw toggle switch. When turned on^ ac volt- 
ages are applied to the power supplies and DC voltages 
are properly sequenced. 

When the power switch is set to off, ac voltages 
are removed from the power supplies and dc voltages 
are sequenced off. 

CONSOLE IMMEDIATE OFF SWITCH (01.05.03.1) 

When the immediate off switch on the console is oper- 
ated, all power is immediately removed from the 
machine. IT IS TO BE OPERATED ONLY IN CASE 
OF AN EMERGENCY. If operated, the switch must 
be reset by the Customer Engineer after pivoting the 
console panel forward to permit access to the back of 
the switch. 

Control Keys 

RESET (01.05.03.1) 

Depression of the reset key restores all triggers, indi- 
cator lights, and signal lights to their initial or reset 
condition. 

DISPLAY MAR (01.05.01.1) 

The objective of the display mars operation is to read 
into MAR the address contained in a selected mars 
register for display in the mar indicator lights. The 
operation can be performed only when the computer 
is in the manual mode. Depression of the stop/sie key 
places the computer in the manual mode. 

To display a mars register, the mar display selector 
switch is set to the desired register and the display 
MAR key is depressed. 

The address in a second mars register may be dis- 
played by turning the switch to select the desired 
register and by again depressing the display mar key. 

Each address that is displayed during a display mars 
operation is written back unchanged into the mars 
register from which it came. 

Note: When the instant stop/sce key is used to stop 
the machine, both the manual mode and the automatic 
mode lights will be on, except when the stop occurs on 
the last E-timer trigger of the cycle prior to entering 
I-cycles (I-cycle entry status) . With the computer 
stopped in the I-cycle entry status, only the manual 
light will be on. When both lights are on, the reset key 
must be depressed before depressing the display mar 
key. Depressing the reset key causes any timer trigger 
left ON from the previous execution cycle to be turned 
off. The automatic mode light is turned off because 
the Start 1 trigger is reset off. 

Figure 6-2 shows a function chart for the display 
MARS operation. 



save (01.05.01.1) 

The machine operator can interrupt the execution of 
a program to enter instructions for another routine 
and execute that routine. When the objectives of the 
interruption have been accomplished, execution of 
the program can be resumed. 

The objective of the save operation is to retain the 
address of the next instructioSir to be executed when 
the program is interrupted. 

The save operation can be performed only when 
the computer is in the manual mode. Execution of the 
program is interrupted and the computer is placed in 
the manual mode by depression of the stop/sie key. 

Depression of the save key then stores the address 
of the next instruction to be executed in the PR-1 
MARS register and turns on the save signal light. 

The last instruction entered into the computer for 
the routine must be a branch back instruction. Execu- 
tion of that instruction turns the save light off and 
directs the computer to resume execution of the pro- 
gram, beginning with the instruction at the saved 
address. 

Instructions entered and executed for the routine 
should not demand multiply, multiply immediate, 
divide, divide immediate, load dividend, or load divi- 
dend immediate operations. The execution of such an 
instruction would destroy the saved address in PR-1 . 

The reset key should not be depressed between the 
time that the save key is depressed and the first branch 
back instruction is executed because depression of 
the reset key turns off the save control trigger. The 
saved address in PR-1 would not then be used in re- 
sumption of the program. (See Branch Back — Code 
42, Section 11.) 

Figure 6-3 shows a function chart for the save oper- 
ation. 

insert (01.05.01.1) 

The objective of the insert operation is to activate 
the typewriter keyboard for direct entry of instruc- 
tions into memory. Instruction digits are stored at 
memory location 00000 and successively higher loca- 
tions. The operation can be performed only when the 
computer is in the manual mode. 

Depression of the insert key sets zeros into the IR-1 
and OR-2 mars registers and activates the typewriter 
keyboard. The OR-2 register is incremented plus one 
for each entry of an instruction digit into memory to 
provide the address for storing the following digit. 
The IR-I register retains the 00000 address through- 
out the insert operation. 

The last instruction in the sequence should be 
either a branch back or branch (unconditional) in- 
struction, depending upon whether or not the save 
key was used prior to entering the insert operation. 
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The typewriter keyboard remains activated until 
the release key is depressed or the 100th digit is entered 
into memory. If the release key is not used to termin- 
ate the insert operation before the 100th digit is 
entered, the simulated read numerically operation is 
terminated, the i/o Exit and Stop 1 triggers are turned 
on, and the computer stops in the manual mode. De- 
pression of the start key is required to restart the com- 
puter which will then execute the instruction starting 
in location 00000 (IR-1) . 

Figure 6-4 shows a function chart for the insert oper- 
ations. 

RELEASE (01.05.01.1) 

The primary function of the release key is to termin- 
ate an input operation where the input device is the 
typewriter keyboard. If the input operation was 
initiated by the insert key, the insert light is turned 
OFF by the release key depression. 

The release key can be used to immediately stop 
the computer during any input-output operation. 

Figure 6-5 shows a function chart for release oper- 
. ation. 

START (01.05.01.1) 

Depression of the start key causes the computer to 
begin execution of a program. The address of the first 
instruction to be executed is contained in the IR-1 
MARS register. 

The start key is operative only when the computer 
is in the manual mode. Depression of the start key 
places the computer in the automatic mode; turns on 
the automatic light; and turns off the manual light. 

Figure 6-6 shows a combined function chart for start 
key, stop/single instruction execute key, and instant 
stop/single cycle execute key operations. 

stop/single instruction execute (sie) (01.05.01.1) 
Depression of the stop/sie key with the computer in 
the automatic mode, terminates the automatic mode 
and places the computer in the manual mode. The 
automatic light is turned off and the manual light 
is turned on. 

Successive depressions of the stop/sie key with the 
computer in the manual mode cause one instruction 
to be executed for each depression. 

Figure 6-6 shows a combined function chart includ- 
ing the stop/single instruction execute key. 

instant stop/single cycle execute (sce) (01.05.01.1) 
Depression of the insta.nt stop/sce key with the com- 
puter in the automatic mode, stops the computer. The 
cycle in which the computer stops depends upon the 
operation being performed. The function of the in- 



stant STOP/scE key differs between i/o operation codes 
and other operation codes. 
For i/o operation codes: 

1. Depression of this key during a read operation 
stops the computer at the end of trigger 30 time. 
Successive depressions cause a complete character 
input cycle, which is completed when the end of 
trigger 30 time is again reached. 

2. Depression of this key during a write operation 
stops the computer with the Sync trigger on. Suc- 
cessive depressions cause a complete character out- 
put cycle which is completed when the Sync trigger 
is turned on again. 

For other operation codes: 

1. Depression of this key stops the computer at the 
end of the memory cycle in which the key is de- 
pressed. Successive depressions cause the computer 
to execute a single 20 fisec memory cycle for each 
depression. 

For the 1622 Card Read unit to single cycle 1622 i/o 
Operations, CE Switch No. 9 (mar Stop Bypass) must 
be used in conjunction with the instant stop/sce key. 
Depression of the instant stop/sce key with CE Switch 
No. 9 ON will stop the computer at the end of trigger 
30 time for both read and write operations. Successive 
depressions of the key cause a complete character input 
or output cycle which is completed when the end of 
trigger 30 time is again reached. 

The manual light and the automatic light are both 
ON, except when the computer is stopped in an I-cycle 
entry status. In an I-cycle entry status only the manual 
light is ON. 

Figure 6-6 shows a combined function chart includ- 
ing the instant stop /single cycle execute key. 

R-S KEY 

The R-S key (Release-Start) is installed on the type- 
writer, but is described here because it performs the 
functions of two console keys. Depression of this key 
during an Insert, Code 36 or Code 37, operation per- 
forms the same function as is performed by depressing 
the release key and then the start key. 

Signal Lights 

(01.05.10.1) 

Signal lights on the console panel provide the machine 
operator with a visual indication of computer operat- 
ing and error conditions. 

POWER ON light 

The power on light is turned on when power is ap- 
plied to the machine through the power on switch. 
It is turned off only when power is turned off. 
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POWER READY LIGHT 

The power ready light is turned on when all power 
supplies have been properly sequenced. It is turned 
OFF in the event of any power supply failure, any over 
temperature condition within the machine, or when 
the power switch is turned off. 

MANUAL LIGHT 

The manual light is on when the computer has ter- 
minated all operation and is prepared to accept opera- 
tor intervention. It is turned on as a result of execut- 
ing a halt instruction; depressing the release key, 
stop key, or instant stop key; or detecting an error 
condition (if the associated check switch is set to stop). 

The computer is normally in the manual mode 
when the manual light is on. However, during single 
cycle execution of an instruction, both the manual and 
the automatic lights are on, and the computer is in 
the automatic mode. Both lights are also on, and the 
computer is in the automatic mode, if the instant stop 
key is depressed during the execution of an instruction 
at normal speed. In both of these instances, the com- 
puter enters the manual mode and the automatic light 
is turned off if the computer is stopped at the end of 
the last memory cycle required for the execution of an 
instruction. 

automatic light 

The automatic light is on when the computer is execu- 
ting a stored program instruction. It is turned on by 
depression of the start key, the insert key, the single 
instruction execute key, or the single cycle execute key. 
The machine is stopped and the automatic light is 
turned off upon entry into the instruction cycle for the 
next instruction in sequence, if a halt instruction has 
been executed; the release key or stop key has been 
depressed; an overflow condition occurs (with the over- 
flow check switch set to stop) ; or a parity error occurs 
on a read or write operation (with the data check 
switch set to stop) . 

SAVE LIGHT 

The save light is turned on when the save key is de- 
pressed. It is turned off by the execution of the next 
branch back instruction. 

INSERT LIGHT 

The insert light is turned on when the insert key or 
1622 load key is depressed. It is turned off when the 
insert or load operation is terminated or when the reset 
key is depressed. 

CHECK STOP LIGHT 

The check stop light is on if the machine stops as a 
result of detecting a parity error in the system data 
flow or an invalid address in mar. (A CE switch is 



provided to bypass the mar error stop for testing 
purposes.) 

THERMAL LIGHT 

The thermal light is turned on and power is removed 
from the machine if an over temperature condition 
is detected within the machine. When the thermal 
light goes OFF, power can again be applied. 

READER NO FEED LIGHT 

The reader no feed light is turned on if the computer 
attempts to execute a read instruction which specifies 
the paper tape reader or card reader as the input device 
and the reader is not in a ready condition. The com- 
puter tests for the ready condition of the selected output 
device. The paper tape ready condition exists when 
the paper tape main line switch is on and the paper 
tape is properly loaded. The card reader ready condi- 
tion exists when the card reader power switch is on, 
cards have been run in, and the buffer is ready. 

PUNCH NO feed LIGHT 

The punch no feed light is turned on if the computer 
attempts to execute a write instruction which specifies 
the paper tape punch or card punch as the output de- 
vice and the selected device is not properly loaded. The 
light is also turned on if a parity check error occurs 
while punching paper tape. 

When one of the above conditions occurs, the com- 
puter hangs up in the automatic mode and the auto- 
matic light remains on. 

Customer Engineering Panel 

The CE panel (Figure 6-7) contains switches and cir- 
cuits for checking the operation of memory and associ- 
ated circuits, operating the clock without a program, 
and repeating a specific cycle. The panel light, when 
on, indicates the clock is running. 

CE Switch Functions 

CE SWITCH 7 (increment MAR +1) 

Transferring this switch (01.05.50.1) suppresses in- 
struction cycles and allows mar to increment by one 
when the clock is running. This switch may be used to 
start the computer cycling, beginning with any address 
stored in the mars register selected by the mar display 
selector switch. Depression of the insert key with the 
mar INC switch ON will set the selected mars register 
to zero. 

CE switch 8 (bypass mar increment) 
This switch, CE SW 8 on 01.05.50.1, when transferred, 
causes mar to remain at the address which is stored in 
the MARS register selected by the display mars switch. 
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Figure 6-7. Customer Engineering Panel 



With CE switch 8 and CE switch 7 transferred and the 
clock running, the 1620 will continually read and write 
at the same memory address, the address in the selected 
register. 

true/complement switches 

The true /complement switches (CE switches 3, 4, 5, 
and 6) are seen on 01.05.50.1. These four switches are 
used in various combinations. They allow a CE to per- 
form the operations described below: 

True Operation. All four true/complement switches 
are set normal (down) . At read time, data in memory 
is placed in mbr. At write time, the data in mbr is 
written into memory. The data in mbr controls the 
Z or inhibit drivers. 

Complement Operation. All four true/complement 
switches are placed in the transferred (up) position. 
At read time the data in memory is placed in mbr. 
At write time the data in mbr is passed through the 
inhibit control logic. The bit complement of the 
data is then written in memory. For example, the 
C, F, and 1 bits are read from memory at read time. 
The 8, 4, and 2 bits are written back into memory. 

Force Operation. The true/complement switches are 
set to control what is written into memory. The 



t/c switches may be set to cause data to be stored 
in every bit position of a memory address and this 
is called "forcing all bits." If they are set to cause 
no data to be stored in each of the six positions, the 
operation is called "blanking memory." If they are 
set to cause data to be stored in the C, F, and 8 
bit positions, this is called "forcing flag eights." If 
they are set to cause data to be stored in the 4, 2, and 
1 bit positions, this is called "forcing sevens." 
When forcing, data is read from memory into mbr 
at read time. At write time, mbr has no control over 
what is to be written back into memory. The true/ 
complement switches control writing. The table below 
shows the proper switch settings for forcing operations. 



CE .Switches 


#3 


#4 


m 


#6 


Operation 
Force all bilx 
Blank Memory 
Force "flag 8*s" 
Force "Ts" 


CF8 True 
Normal 

Transferred 
Normal 

Transferred 


421 True 
Normal 
Transferred 
Transferred 
Normal 


CF8 Complement 
Transferred 

Normal 
Transferred 

Normal 


421 Complement 
Transferred 
Normal 
Normal 
Transferred 



Warning: Set CE Switches 3, 4, 5, and 6 to true (down) 
before returning computer to customer. 

CE SWITCH 9 (mar STOP BVPASS) 

Transferring this switch allows the clock to run during 
a mar check. Transferring it also cripples the console 
start switch. With this switch transferred, the clock 
may be started (1) by the CE remote control box or 
(2) by depressing the console sie or sce key. (Trans- 
ferring CE Switch 7 allows the console sie key to sub- 
stitute for the console start key.) It must be on when 
a single cycle to or from the 1622 buffer is being per- 
formed. 

This switch should be used to diagnose trouble in 
the clock, MAR^ mars^ and increment/decrement cir- 
cuitry. It is not recommended for use in analyzing 
memory troubles, because a mar error adversely affects 
memory operation. 

CE SWITCH 1 0 (repeat CYCLE) 

When this switch is transferred, it prevents the A/B 
trigger from changing. It should be used when it is 
desired to repeat a particular cycle during machine 
analysis. The switch must be transferred in the cycle 
preceding the one to be repeated. For example, to 
repeat cycle El 4: 

1. Single cycle to the El 3 cycle known to precede it. 

2. Transfer (up) CE Switch 10. 

3. Start clock. 

Note: During this operation, addresses will change 
unless bypass mar increment, CE Switch 8, is trans- 
ferred. Also, certain logic conditions may have to be 
grounded to give a complete repeat cycle. 
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Section 7 Instruction Cycle 



In the performance of stored program instructions, 
the computer proceeds through an instruction cycle 
(I-cycle) , and generally an execution cycle (E-cycle) 
for each operation (see Figure 7-1) . The function of 
the I-cycle is to read the 12-digit instruction from 
memory and interpret it by storing and decoding the 
operation code; by placing the P field and Q field 
addresses in mars storage registers; and by storing and 
decoding specific digits of the Q part of the instruction 
for branch and input-output operations, where it is 
required. Indirect Addressing, an additional feature, 
modifies the standard instruction cycle. A description 
of indirect addressing is given in the Customer Engi- 
neering Manual of Instruction, 1620 Data Processing 
System, Additional Features, (Form 227-5513). A se- 
quence block diagram for the I-cycle is shown in Figure 
7-2. The I-cycle function charts are shown on pages 7, 
8, and 9 in the ibm Customer Engineering Instructional 
System Diagrams, 1620 Data Processing System (Form 
227-5631) . 

Ob/ecffVes 

1. Read the 12 digits of the instruction from the 
memory location specified by IR-1 and succes- 
sively higher memory locations. 

2. Store the digits in registers as follows: 
Digits Register 

Oo and Oi Operation (op-reg) 

Ps, P3, P4, P5, and P„ 

(P Field) Operand (OR-2 and OR-3) 

Qt, Q., Q9. Qio andQn 
(Q Field) * Operand (OR-1) 

Qs and Q., *AIso Product (PR- 1) 

for DivmE 

Qii MDR 

••Digit/Branch (d/b) 
•Q-part of an instruction is not entered into the 
OR-1 register (or the PR-1 register) if the opera- 
tion is immediate. (See Objective No. 7.) 
••The Qh and Q9 digits are retained in the digit/ 
branch register if the operation to be performed 
is control, read, write, dump, branch indicator, 
or branch no indicator, 

3. Decode the op rec contents to determine the 
operation to be performed. 



4. Decode the d/b reg contents to determine the 
specific input-output device if the operation is 
control, read, write, or dump. 

5. Decode the d/b reg contents to determine the 
indicator or sense switch to be interrogated if 
the operation is branch indicator or branch no 
indicator. 

6. Decode the Qn digit in mdr to determine the 
control function to be performed if the opera- 
tion is control. 

7. Store the memory address of the Qn digit of the 
instruction in the OR-1 mars operand register 
(and the PR-1 mars product register for divide) 
if the operation is immediate. 

Functions 

The l-cycle for each instruction consists of eight 20- 
/xsec memory (machine) cycles during which the 
12-digit instruction is read from memory and stored 
in registers as indicated under Objective No. 2. The 
contents of the. operation register are decoded to de- 
termine the desired operation. The contents of the 
digit/branch register and mdr are decoded where 
applicable for the purposes stated in Objectives 4, 
5, and 6. The P-address of an instruction is always 
entered into the OR-2 and OR-3 mars registers by 
triggers 2, 3, and 4 of the I-cycle. The Q-address is 
entered into the OR-1 mars register (and the PR-1 
MARS register for divide) by triggers 5, 6, and 7 of 
the l-cycle, except in the case of immediate opera- 
tions. Certain of the non-immediate operations do not 
use the stored P or Q address because the objectives 
of the operation do not require it. 

Immediate operations require the use of digits of the 
instruction as data. The five Q part digits of the in- 
struction are not placed in OR-1 (or PR-1) by triggers 
5, 6, and 7 of the I-cycle. During trigger 8 time, the 
normal memory cycle reset of mar is blocked and the 
memory address which was placed in mar during 
trigger 7 time, is transferred to OR-1 (and PR-1 for 
divide) . This address is the location in memory for 
the Q„ digit of the instruction. Therefore, the address 
in OR-1 (and PR-1 for divide) at the end of the 
I-cycle designates the location in memory of a field 
whose units position is the Q„ digit of the instruc- 
tion itself. The field can contain as few as two digits 
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Figure 7-1. Program I Cycle— E Cycle 



(Qio and Qn) or more than five, depending upon the 
location of the flag bit marking its high-order position. 

Figure 7-3 illustrates the cycle-by-cycle storage of 
instruction digits in the operation register and mars 
for the non-immediate instruction, 25 01357 02468. 
This instruction is assumed to be in memory at loca- 
tions 00000 through 00011, and address 00000 is as- 
sumed to be in IR-I at the beginning of the I-cycle. 

Figure 7-4 illustrates the cycle-by-cycle storage for 
the immediate instruction, 15 01357 02468, under the 
same conditions as in Figure 7-3. 



Auxiliary Triggers 

STATUS 

I'cycle Trigger. (01.15.10.1) . 

1. Turned on by trigger 1 and remains on through 
trigger 7 time. 

2. Turned off by trigger 8. 

Decrement Trigger. (01.60.05.1). 

1. Turned off (increment) by the I-cycle trigger 
and remains off for the entire I-cycle. 

E Cycle Entry Trigger. 
1. Turned on by trigger 8. 
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I Cycle 



Figure 7-2. Instruction Cycle 
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* If the operation to be performed is control, read, write, dump, branch indicator, or branch no 
indicator the Digit/Branch register is not reset during Trigger 7 time. However, the contents of 
the Digit/Branch register is entered into Ofi-1 tens. With the example used in this figure, OR-1 
will contain 02424 at the end of Trigger 7 time. 



Figure 7-3. Instruction Cycle — Non Immediate 
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Figure 7-4. Instruction Cycle— Immediate 
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2. Turned off at T5 time of the first memory cycle 
after trigger 8 time except when a write operation 
with the card punch is to follow. 

3. Turned off during the first trigger 30 time of a 
write operation with the card punch selected (Sel 
4) as the output device. 

OBJECTIVES 

I-Cycle Trigger. 

1. Resets off the following triggers for use during 
the execution cycle. 

a. Digit/Record mark 

b. Recomplement 

c. Recomplement control 

d. Field mark No. 1 

e. Field mark No. 2 

f. Dividend and remainder sign 

g. Divide add 

h. First divide cycle 

i. Last divide cycle 
j. Trigger No. 19 
k. Trigger No. 29 

1. Trigger No. 43 
m. Trigger No. 45 
n. Decrement 
o. Trigger No. 12 
p. Trigger No. 13 
q. Trigger No. 14 
r. Trigger No. 27 
s. m/q register 
t. First cycle 
u. Carry in 
V. Carry out 

2. Reset the units position of the digit/branch reg- 
ister for each of the memory cycles controlled by 
triggers 1 through 7. (See item 5.) 

3. Read out of memory per IR-1 and store the digit 
in the units position of the digit/branch, register 
for each of the memory cycles controlled by trig- 
gers 1 through 7. (See item 5.) 

4. Write back into IR-1 from mar incremented for 
each of the memory cycles controlled by triggers 
1 through 7. (Increment plus one or plus 2 is 
controlled by the individual triggers 1 through 7.) 

5. Block reset of d/b register units at trigger 7 time 
of OP codes 34, 35, 36, 37, 38, 39, 46, and 47. 

E'Cycle Entry Trigger. (01.15.18.1). 

1. Turn off trigger 8 on the next A Advance. 

2. Turn off the t/c trigger to change the initial 
status set by trigger 1 if the operation to be per- 
formed is subtract or compare. 

3. Turn on first divide cycle trigger if this instruc- 
tion is Divide — Code 29/19. 



4. Enter I-cycle for the next instruction in sequence 
if this instruction is No Operation — Code 41. 

5. Enter E-cycle (turn on trigger 18) if this instruc- 
tion is Branch Indicator — Code 46 and the branch 
test trigger is on. 

6. Enter I-cycle for the next instruction in sequence 
if this instruction is Branch Indicator — Code 46 
and the branch test trigger is off. 

7. Enter E-cycle (turn on trigger 18) if this instruc- 
tion is Branch No Indicator — Code 47 and the 
branch test trigger is off. 

8. Enter I-cycle for the next instruction in sequence 
if this instruction is Branch No Indicator — Code 
47 and the branch test trigger is on. 

i-Timer Triggers 

OBJECTIVES of I-TIMER TRIGGERS 

Trigger 1. (01.15.11.1) . 

1 . Turn on the I-cycle trigger. 

2. Read out of memory per IR-1 (function of l-cycle 
trigger) and store the even digit (Oo) in op reg 
TENS (via MDR) . Store the odd digit (Oj) in op 

REG UNITS (via MBR-Odd) . 

3. Write back IR-1 (function of I-cycle trigger) 
incremented plus 2. 

4. Reset OR-1, OR-2, and OR-3 to permit setting 
of addresses later in the I-cycle. 

5. Turn the true/complement (t/c) trigger on to 
set initial status for add, subtract, and compare 
operations. 

6. Turn i/o exit trigger off. 

7. Turn start 1 trigger on. 

Trigger 2. (01.15.12.1). 

1. Read out of memory per IR-1 (function of I-cycle 
trigger) and write the even digit (Pg) into OR-2 
and OR-3 ten thousands position (via mdr and 
d/b REG units) . Write the odd digit (P.,) into 
OR-2 and OR-3 thousands positions (via MBR-odd 
and D /b REG tens) . 

2. Write back IR-1 (function of I-cycle trigger) 
incremented plus 2. 

3. Reset branch test trigger off to permit setting 
the trigger during trigger 7 time of the I-cycle 
for branch operations. 

Trigger 5. (01.15.13.1). 

1. Read out of memory per IR-1 (function of I-cycle 
trigger) and write the even digit (P4) into OR-2 
and OR-S hundreds position (via mdr and d/b 
REG units) . Write the odd digit (Ps) into OR-2 
and OR-3 tens position (via MBR-odd and d/b 
REG tens) . 
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2. Write back IR-1 (function of I-cycle trigger) 
incremented plus 2. 

Trigger 4. (01.15.14.1). 

1. Read out of memory per IR-1 (function of l-cycle 
trigger) and write the even digit (Pg) into OR-2 
and OR-3 units position (via mdr and d/b reg 
units) . 

2. Write back IR-1 incremented plus 1 (function 
of I-cycle trigger) . 

3. Read out PR-1 to clear it for receiving (1) the 
Q field (divisor) address later in the I-cycle of 
divide operation, (2) the product area address 
on first E-cycle of load dividend operation, and 
(3) the product area address on first E-cycle of 
multiply operations. 

Trigger 5. (01.15.15.1) . 

1. Read out of memory per IR-1 (function of I-cycle 
trigger) and write the odd digit (Q^) into OR-1 
(and PR- 1 for divide) ten thousands position 
(via MDR and d/b reg units). An immediate in- 
struction prevents this digit from being written 
into OR-1 and PR-1. (See trigger 8, Objec- 
tive 3 following.) 

2. Write back IR-1 (function of I-cycle trigger) 
incremented plus 2. 

Triggers. (01.15.16.1) . 

I. Read out of memory per IR-I (function of I-cycle 
trigger) and write the even digit (Qg) into OR-1 
(and PR-1 for divide) thousands position (via 
MBR-even and d/b reg tens) . Write the odd digit 
(Q,,) into OR-1 (and PR-1 for divide) hundreds 
position (via mdr and d/b reg units) . An im- 
mediate instruction prevents these digits from 
being written into OR-1 and PR-1. (See trigger 
8, Objective 3 following.) 



2. Write back IR-1 (function of l-cycle trigger) 
incremented plus 2. 

Trigger 7. (01.15.17.1) . 

1. For codes other than 34, 35, 36, 37, 38, 39, 46, and 
47, read out of memory per IR-1 (function of I-cycle 
trigger) and write the even digit (Qio) into OR-1 
(and PR-I for divide) tens position (via MBR-even 
and d/b reg tens) . Write the odd digit (Qn) 
into OR-1 (and PR-1 for divide) units position 
(via mdr and d/b reg units) . An immediate 
instruction prevents these digits from being 
written into OR-1 and PR-1. (See trigger 8 
Objective 3 following) . 

2. Write back IR-1 incremented plus 1 (function 
of I-cycle trigger) . 

3. For Codes 34, 35, 36, 37, 38, 39, 46, and 47, block 
the reset of d/b register tens. The reset of d/b 
units and tens is blocked for Codes 34 through 39, 
thus preserving the i/o device code for later use. 

4. For Codes 46 and 47, turn on the branch test trig- 
ger if the indicator or sense switch designated by 
the d/b reg is on. 

Triggers. (01.15.18.1) . 

1 . Turn I-cycle trigger off. 

2. Block reset of mar to retain the address of the 
Qii digit of the instruction for use by immediate 
instructions. 

3. For immediate instructions, write the address of 
the Qii digit of the instruction into OR-1 (and 
PR-1 for divide) from mar. 

4. Stop the computer if this instruction is Halt — 
Code 48. 

5. Turn E-cycIe entry trigger on. 

6. Turn on the Decrement trigger if the operation 
code to be performed requires a decrement func- 
tion. 
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Section 8 Execution Cycle 



The performance of a computer operation is normally 
divided into two parts, an instruction cycle (I-cycle) 
and an execution cycle (E-cycle) . (See Figure 7-1) . 

Each E-cycle is immediately preceded by its asso- 
ciated I-cycle during which the instruction is read 
from memory and interpreted. The I-cycle is described 
in Section 7. 

The function of the E-cycle is to accomplish the ob- 
jectives of the particular operation specified by the 
instruction. 

Objective 

Execute the instruction read from memory and inter- 
preted during the associated I-cycle. 

Functions 

An E-cycle consists of an even number of 20 jusec 
memory cycles under the control of E-timer triggers. 
The required number of memory cycles depends upon 
the specific operation to be performed and also upon 
the length of fields and records in arithmetic, trans- 
mit, and input-output operations. 

The following instructions are complete at the end 
of their I-cycle and require no E-cycle for their exe- 
cution: 

1. Branch indicator, if no branch occurs 

2. Branch no indicator, if no branch occurs 

3. Halt 

4. No Operation 

When the E-cycle for an operation is complete, the 
computer is directed to enter the I-cycle for the next 
instruction in sequence. 

E'Timer Triggers 

The trigger directory in the Appendix lists the E-timer 
triggers and indicates their location in the System 
Diagrams. 

In general, each E-timer trigger controls all of the 
functions which must be accomplished during the 
memory cycle for which it is on. At the beginning of 
the following memory cycle it serves to turn on the 
E-timer trigger which is to assume control and is 
turned off by the new E-timer trigger (see Figure 8-1) . 

Because identical or similar functions are accom- 



plished during the execution of two or more different 
computer operations, many of the E-timer triggers are 
used with more than one operation. For example, 
the Branch (Code 49) operation is executed in two 
memory cycles, using E-timer triggers 18 and 19. The 
Branch On Digit (Code 43) operation is executed in 
four memory cycles, using E-timer triggers 28, 29, 1 8, and 
19. Triggers 18 and 19 are used with both operations 
to accomplish identical functions. The E-timer trig- 
ger chart in the Appendix shows the E-timer triggers 
that are used with each computer operation. 

In arithmetic, transmit, and input-output opera- 
tions where fields or records are processed, a series of 
E-timer triggers is used to process the first digit (or 
character) of the field or record and then looped as 
many times as required to process each subsequent 
digit (or character) (see Figure 8-2) . 

The functions of individual E-timer triggers are 
described in Sections 9, 10, 11, 12, and 14 of this 
manual as they are used to accomplish the objectives 
of the various computer operations. 

Auxiliary Triggers 

Auxiliary triggers are used to establish or recognize 
conditions within the computer which must be con- 
sidered to properly accomplish the execution of an 
instruction. 

The auxiliary trigger chart in the Appendix shows 
the auxiliary triggers that are used with each computer 
operation. Auxiliary trigger locations on the System 
Diagrams are indicated in the trigger directory in the 
Appendix, under "Named" Triggers. 

Functions of Auxiliary Triggers 

Functions of the most commonly used auxiliary trig- 
gers are described below. The status of all auxiliary 
triggers are described in Sections 9, 10, 11, 12, and 14 
of this manual as they are used in the various com- 
puter operations. 

E Cycle Entry. (01.15.18.1) . The output of the E-cycle 
entry trigger is used to develop several E-cycle timed 
gates. These gates are used to control turning on of 
various E-timer triggers. They are developed as shown 
on the function chart. Figure 8-3. Note that the 
E-cycle advance signal and the trigger 14 advance sig- 
nal are developed only at A advance time. 
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Figure 8-1. E Timer Functions 
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Figure 8-2. Transmit Field 
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Decrement (Deer). (01.60.05.1) . The decrement trigger 
is turned on (decrement) or off (increment) as 
necessitated by the requirements of each computer 
operation. All instruction cycles require increment 
operation. The increment/decrement requirements 
of the execution cycle for each operation are indi- 
cated on the auxiliary trigger chart in the Appendix. 
The function of the decrement trigger is to determine 
by means of its on or off status whether an address 
in MAR is to be decremented or incremented before 
it is written into mars. This function is accomplished 
by control of the increment/decrement switch. 

First Cycle. (01.63.10.1) . The primary function of the 
first cycle trigger is to permit a flag bit in the units 
position of a field to be interpreted as denoting the 
sign of the field rather than the high-order posi- 
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tion of the field. The first cycle trigger is on only 
during the memory cycle (or cycles) in which the 
units position of fields is being processed in arith- 
metic and transmit field operations. 

Field Mark No. 1. (01.63.30.1). Field mark No. 1 
^gger is turned on during arithmetic and trans- 
mit held operations when the high-order position of 
the Q field is read from memory to indicate that the 
entire Q field has been processed. In branch no flag 
operation, field mark No. 1 trigger is turned on to 
recognize die presence of a flag bit in the memory 
locauon which is interrogated. 



Field Mark No. 2. (01.63.30.1) . Field mark No. 2 trig- 
ger is turned on during add, subtract, compare, and 
multiply operations when the high-order position 
of the P field is read from memory to indicate that 
the entire P field has been processed. Field mark 
No. 2 trigger is turned on during divide operations 
to indicate the end of a divide subtract cycle. 

True /Complement (T/C). (01.63.20.1) . The t/c trig- 
ger is manipulated during add, subtract, and com- 
pare operations to establish an initial condition 
and alter that condition according to the signs of 
the factors involved in the particular add, sub- 
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tract, or compare operation. In divide operations 
the T /c trigger is turned off (complement) to per- 
form subtractions of the divisor from the dividend, 
and ON (true) to add the divisor back into the 
dividend when an overdraw occurs. The function of 
the t/c trigger is to determine by means of its on 
(true) or off (complement) status whether digits 
presented to the t/c switch appear at its output un- 
changed or complemented. 

High/Plus. (01.60.40.1). The high/plus trigger is 
manipulated during arithmetic operations to cause 
the trigger to indicate the sign of the result by means 
of its status at the end of the particular arithmetic 
operation, on indicates plus; off indicates minus. 
In compare operations, the status of the high /plus 
trigger indicates which of two fields is algebraically 
higher. A zero result of arithmetic or compare oper- 
ations will turn the high/plus trigger off. 

Equal/Zero. (01.60.41.1). The equal/zero trigger is 
turned on at the beginning of arithmetic operations 
and turned off during the particular arithmetic 
operation if the result is not zero. In compare oper- 
ations, if two fields are equal, the equal/zero trigger 
remains on to indicate an equal condition. If a com- 
parison is made of two fields having unlike signs 
and containing a significant digit, the equal/zero 
trigger is turned off. 

Carry Out. (01,63.40.1). The carry out trigger is 
turned on during arithmetic operations if a digit 
with a flag bit is read into mdr from the add table 
in memory or if a carry occurs into a position which 
contains a "9". 

Carry In. (01.63.40.1). The carry in trigger is turned 
ON during arithmetic operations if the addition of 
the two previous digits resulted in a carry out or if the 
add table address for the units position of a sum is 
being developed on a complement operation. 

Recomplement Control. (01.60.24.1) . The recomple- 
ment control trigger is turned on near the end of 
an add or subtract operation if the developed sum 
or difference is in a complement form. The primary 
function of the recomplement control trigger is to 
initiate recomplement of the complement sum or 
difference to the true form. 

Recomplement. (01.60.32.1). The recomplement trig- 
ger is turned on at the beginning of recomplement. 
Its functions are to continue recomplement until 
all digits of the complement sum or difference have 
been recomplemented and then to direct the com- 



puter to enter the I-cycle for the next instruction in 

sequence. 

Overflow. (01.60.40.1) . The overflow trigger is turned 
ON in add, subtract, and compare operations if the 
length of the P field is inadequate. In divide opera- 
tion, the overflow trigger is turned on if "divide by 
zero" is attempted or if the first quotient digit de- 
veloped is greater than 9. 

Digit/Record Mark. (01.63.50.1). The digit/record 
mark (d/rm) trigger is used during add, subtract, 
and compare operations to detect a digit in mdr. The 
d/rm trigger is turned on to terminate a transmit 
record operation or a write operation when the 
record mark character is read from memory into mdr. 
The d/rm trigger is turned on if a record mark is 
decoded during a branch no record mark operation 
or if a digit is decoded during a branch on digit 
operation. 

Branch Test. (01.25.35.1). The branch test trigger is 
turned on during trigger 7 time of the I-cycle 
for branch indicator and branch no indicator instruc- 
tions if the program switch or indicator interro- 
gated by the instruction is on. The status of the 
branch test trigger is then used to determine 
whether the computer proceeds to the next instruc- 
tion in sequence or branches to another instruction. 

Read Y Point 

During the execution of certain computer operations, 
it is required that in one memory cycle a particular 
memory location be cleared, and to write into it, 
a digit which was stored in mdr during the previous 
memory cycle. A "Read Y Point" function is available 
to satisfy that requirement by accomplishing the fol- 
lowing: 

1. The reset of mdr is blocked to preserve the new 
digit. 

2. Either the even or the odd sense amplifiers are 
blocked when the memory location designated 
by the address in mar is read out. (The memory 
location is thus cleared and its content is pre- 
vented from reaching mbr.) 

3. The digit in mdr is transferred to MBR-even or 
MBR-odd, depending upon whether the address in 
mar is even or odd. The new digit is then written 
into the memory location designated by the 
address in mar when the normal "write-back" 
into memory function is performed. The func- 
tion chart shown in Figure 8-4 includes the Read 
Y Point function. 
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Figure 8-4. Read Y and Block Memory Sense Amplifiers 



Block Memory Sense Amplifiers 

Where it is required, during computer operations, that 
new information be placed into two adjacent memory 
locations in the same memory cycle, a "Block Mem SA" 
function is available to block both the even and odd 
memory sense amplifiers. Clearing the product area 
to zeros during multiply and load dividend operations 
and storing alphameric information during read alpha- 
merically operations requires the use of the Block 



Mem SA function. 

The function chart shown in Figure 8-4 includes 
the Block Mem SA function. 



Significance of P & Q Parts of Instructions 

Figure 8-5 indicates the significance of the P and Q 
parts of instructions for each of the operations that 
the computer is capable of performing. 



Operation 
Code 


P Address 


Q Address 


11— Add (!)• 


Memory addreso of units position 
of Augend. 


Qi iof instruction is units position 
oi Addend. 


21— Add 


Same as Code 11. 


Memory address of units position 
of Addend. 


iz— oUDtract {1} 


Memory address of units position 
of Minuend. 


Qi iOf instruction is units position 
of Subtrahend. 


22— Subtract 


Same as Code 12. 


Memory address of units position 
of Subtrahend. 


13— Multiply (I)* 


Memory address of units position 
of Multiplicand. 


Qi lof instruction is units position 
of Multiplier. 


23— Multiply 


Same as Code 13. 


Memory address of units position 
of Multiplier. 


14— Compare (I)* 


Memory address of units position 
of the field to which another field 
is to be compared. 


Qi iof instruction is units position 
of the field to be compared with 
the field at the P address. 


24 — Compare 


Same as Code 14. 


Memory address of units position 
of the field to be compared with 
the field at the P address. 


15— Transmit 
Digit (I)* 


Memory address to which single 
digit is to be transmitted. 


Qiiof instruction is the single digit 
to be transmitted. 


25— Transmit 
Digit 


Same as Code 15. 


Memory address of single digit 
to be transmitted. 


16 — Transmit 
Field (!)• 


Memory address to which units 
position of field is to be 
transmitted. 


Qiiof instruction is the units 
position of the field to be 
transmitted. 


26 — Transmit 
Field 


Same as Code 16. 


Memory address of units position 
of the field to be transmitted. 


17 — Branch and 
Transmit (I)* 


"P minus one" is the memory 
address to which the units position 
jof theQfield is to be transmitted. 
"P" is the memory address of the 
high-order digit of the next 
instruction to be interpreted 
and executed. 


Qnof instruction is the units 
position of the field to be 
transmitted. 


27 — Branch and 
Transmit 


Same as Code 17. 


Memory address of units position 
of the field to be transmitted. 


18 — Load 

Dividend (I)* 


Memory address in Product Area 
to which units position of field 
(Dividend) is to be transmitted. 


Qiiof instruction is the units 
position of the field (Dividend) 
to be transmitted. 


28 — Load 
Dividend 


Same as Code 18. 


Memory address of the units 
position of the field (Dividend) 
to be transmitted. 


19— Divide (!)• 


Memory address at which first 
subtraction of the Divisor 

is to occur. 


Qi lOf instruction is the units 
position of the Divisor. 


29— Divide 


Same as Code 19. 


Meniory address of units position 
of Divisor. 


31 — Transmit 
Record 


Memory address to which 
high-order position of record 
is to be transmitted. 


Memory address of high-order 
position of the record to be 
transmitted. 


32— Set Flag 


Memory address at which flag 
bit is to be placed. 


Not used. 


33— Clear Flag 


Memory address from which flag 
bit is to be cleared. 


Not used. 


34 — Control 


Not used. 


Qi.and Q,, specify input-output 
device. Qnspecifies control function 
to be performed. 


35 — Dump 

Numerically 


Memory address from which first 
numerical character is to be 
written. 


Qk and Q., specify output device. 


36— Read 

Numerically 


Memory address at which first 
numerical character is to be 
stored. 


Qi^and Q« specify input device. 


37— Read 

Alphamerically 


Memory address at which 
numerical digit of first character 
is to be stored. ( Zone digit of 
first character will be stored 
at "P minus one.") 


Same as Code 36. 


38— Write 

Numerically 


Memory address from which first 
numerical character is to be 
written. 


Same as Code 35. 


39— Write 

Alphamerically 


Memory address for numerical 
digit of first character to be 
written. (Zone digit of fiiat 
character is at "P minus one.") 


Same as Code 35. 


41— No Op 


Not used. 


Not used. 


42 — Branch Back 


Not used. 


Not used. 


43— Branch 
On Digit 


Memory address of the high- 
order digit of the next instruction 
to be interpreted and executed, 
if Branch occurs. (Not used if 
Branch does not occur. ) 


Memory address to be interrogated 
for the presence of a significant 

digit (not a zero). 


44 — Branch 
No Flag 


Same as Code 43. 


Memory address to be interrogatea 
for the presence of a flag bit. 


4S— Branch No 
Record Mark 


Same as Code 43. 


Memory address to be interrogated 
for the presence of a Record Mark 
character. 


46— Blanch 
Indicator 


Same as Code 43. 


Qt and Qn digits specify program 
switch or indicator to be 
interrogated for status. 


47— Branch No 
Indicator 


Same a* Code 43. 


Same as Code 46. 


48— Halt 


Not used. 


Not used. . . 


49 — Brand) 


Memory address of the high- 
order digit of the nest instruction 
to be interpreted and esecuted. 


Not used. 


71— Move Flag 


Memory addreaa of flag to 

be moved. 


Memory address to which flag is 
to be moved. 


72 — Transfer 

Numerical Strip 


Memory address of the uniU 
position of the alphameric lieM. 


Memory address of the units 
position of the numerical field. 


73— Transfer 

Numerical Fill 


Same as Code 72. 


Same as Code 72. 



• ImiMdiata. ** AddMonal Feature 



Figure 8-5. Significance of P & Q Parts of Instruction 
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Section 9 Internal Transmission Operations 



Internal transmission operations accomplish the trans- 
fer of a digit, a field, or a record from one memory 
location to another. Two memory cycles are required 
for processing each digit. During the first memory 
cycle, the digit to be transmitted is read out of mem- 
ory and stored in mdr. During the second memory 
cycle, the digit in mdr is transferred to the desired 
memory location. 

Function charts for 1620 operation codes are located 
in the ibm Customer Engineering Instructional System 
Diagrams, 1620 Data Processing System (Form 227- 
5631) . 



Transmit Digit (Code 25 — TD) 

The sequence block diagram for this operation is 

shown in Figure 9-1. The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
page 1 0. 

Objective 

Replace the single digit at the P address (OR-2) with 
the digit and its F bit, if any, at the Q address (OR-1) . 

Functions 

The digit at the P address (OR-2) prior to the trans- 
mission is obliterated, including its F bit, if any. The 
digit at the Q address (OR-1) remains unchanged. 
The operation is terminated when the single digit has 
been transmitted. 

Auxiliary Triggers 

None are used. 

E-Timer Trigger Objectives 

Trigger 26. (01.60.57.1) . 
1. Read out of memory per OR-1 and store the digit 
in MDR. 

Code 25/15 



E Cycle 
Advance 



26 




27 









Enter I 
Cycle 



Figure 9-1. Transmit Digit-Code 25/15 



Trigger 27. (01.60.57.1). 

1. Block reset of MDR (Read Y) . 

2. Read out of memory per OR-2 with either the 
odd or the even sense amplifiers blocked (Read 
Y) , depending on whether the OR-2 address is odd 
or even, to clear the memory location. 

3. Transfer mdr to mbr. 

4. Write into memory per OR-2 from mbr. 

5. End operation and enter I-cycle for the next in- 
struction in sequence. 



Transmit Digit Immediate (Code 15 — TDM) 

The sequence block diagram for this operation is 
shown in Figure 9-1. The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
page 10. 

Objective 

Replace the single digit at the P address (OR-2) with 
the digit and its F bit, if any, in the units position 
(Qii) of the transmit digit immediate instruction. 

Functions 

* 

Prior to transmission, the digit at the P address (OR- 
2) and its F bit, if any, is obliterated. The digit at 
the Q address (OR-1) remains unchanged. The opera- 
tion is terminated when the single digit has been 
transmitted. 

Auxiliary Triggers 

None are used. 

E-Timer Triggers 

See Transmit Digit — Code 25 



Transmit Field (Code 26 — TF) 

The sequence block diagram for this operation is 
shown in Figure 9-2. The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
page 10. 

Objective 

Transfer the field, including F bits for sign and field 
definition, at the Q address (OR-1) to the memory 
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Figure 9-2. Transmit Field-Code 26/16 



Decrement Trigger. (01.60.05.1) 

1. Turned on (decrement) during trigger 8 time of 
the preceding I-cycle. 

2. Remains on until the next I-cycle is entered. 

Field Mark No. 1 Trigger (01.63.30.1) . 

1. Reset OFF by the I-cycle trigger and therefore will 
be OFF when E-cycle is entered. 

2. Cannot be turned on during first transmit cycle 
(Q field must be a minimum of two digits) . 

3. Turned on during trigger 26 time of the transmit 
cycle in which the high-order digit of the Q field 
is read out of memory. 

E-Timer Trigger Objectives 

Trigger 26. (01.60.57.1) 

1. Read out of memory per OR-1 and store the digit 
in MDR. 

2. Write back OR-1 decremented. 

Trigger 27. (01.60.57.1.) 

1. Block reset of MDR (Read Y) . 

2. Read out of memory per OR-2 with either the 
odd or even sense amplifiers blocked (Read Y) , 
depending on whether the OR-2 address is odd 
or even, to clear the memory location. 

3. Write back OR-2 decremented. 

4. Transfer mdr to mbr. 

5. Write into memory per OR-2 from mbr. (Repeat 
trigger 86 and trigger 27, Objectives 1, 2, 3, 4, and 
5 for each digit of the field) . 

6. End operation when all digits of the field have 
been transferred and enter I-cycle for the next 
instruction in sequence. 



location designated by the P address (OR-2) and suc- 
cessively lower memory locations. 

Functions 

Transmission proceeds serially, one digit at a time, 
from low-order to high-order digit of the transmitted 
field until the operation is terminated by a flag bit 
(field mark No. 1) in the high-order position of the 
transmitted field. The flag bits in the high-order and 
units position of the transmitted field are duplicated 
in the field at P. The digits in the field at P prior to 
transmission are obliterated, including their flag bits, 
if any. 

Auxiliary Trigger Status 

First Cycle Trigger (01.63.10.1) 

1. Turned on by trigger 26 A.NDcd with E-c)cIe entry. 

2. Turned off by trigger 27 on first transmit cycle. 



TransmU Field Immediate (Code 16 — TFM) 

The sequence block diagram for this operation is 
shown in Figure 9-2. The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
page 10. 

Objective 

Transfer the field, including F bits for sign and field 
definition, whose units position is the Qn digit of the 
transmit field immediate instruction to the memory 
location designated by the P address (OR-2) and suc- 
cessively lower memory locations. 

Functions 

See Transmit Field — Code 26. 

Auxiliary Triggers Status 

See Transmit Field — Code 26. 
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E-Timer Triggers 

See Transmit Field — Code 26. 



Transmit Record (Code 37 — TR) 

The sequence block diagram for this operation is shown 
in Figure 9-3. The function chart for this operation is 
shown in the Instructional System Diagrams, page 10. 



Objective 

Transfer the record, including F bits for sign and field 
definition, at the Q address (OR-1) to the memory 
location designated by the P address (OR-2) and suc- 
cessively higher memory locations. 

Functions 

Transmission proceeds serially, one digit at a time, 
from high-order to low-order digit of the transmitted 
record until the operation is terminated by a record 
mark in the low-order position of the transmitted 
record. All flag bits in the record at Q are duplicated 
in the record at P. The digits in the record at P prior 
to the transmission are obliterated, including their 
flag bits, if any. The record mark is duplicated in the 
low-order positions of the record at P. 

Auxiliary Trigger Status 

Decrement Trigger. (01.60.05.1). 

1. OFF (increment) during the I-cycle. 

2. Remains off throughout the E-cycle. 

Digit /Record Mark Trigger. (01.63.50.1). 

1. Reset off by the I-cycle trigger and therefore 
will be off when E-cycle is entered. 

2. Turned on during trigger 26 time of the transmit 
cycle in which the record mark at the Q address 
(OR-1) is read out of memory. 
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Figure 9-3. Transmit Record— Code 31 



E-Timer Trigger Objectives 

Trigger 26. (01.60.57.1). 

1. Read out of memory per OR-1 and store the digit 
in MDR. 

2. Write back OR-1 incremented plus 1. 

Trigger 27. (01.60.57.1). 

1 . Block reset of mdr (Read Y) . 

2. Read out of memory per OR-2 with either the 
odd or the even sense amplifiers blocked (Read 
Y) , depending on whether the OR-2 address is 
odd or even, to clear the memory location. 

3. Write back OR-2 incremented plus 1. 

4. Transfer mdr to mbr. 

5. Write into memory from mbr. (Repeat trigger 26 
and 27, Objectives 1, 2, 3, 4, and 5 for each digit 
of the record.) 

6. End operation when all digits of the record and 
the record mark have been transferred and have 
entered I-cycle for the next instruction in se- 
quence. 
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Section 10 Arithmetic Operations 



Arithmetic operations are accomplished by referring 
to tables stored in memory. The Add Table, Figure 
10-1, contains all possible two-digit sums, with a carry 
indicated by a flag bit with the table digit where the 
sum exceeds nine. The Multiply Table, Figure 10-2, 
contains all possible two-digit products. Each two-digit 
product read from memory consists of two adjacent 
digits from the Multiply Table area. 

The address for a specific table location is developed 
by combining in a unique manner the two factors in- 
volved in a cycle of the arithmetic operation. 

Subtraction is accomplished by complement addition 
using the Add Table. 

Compare operations establish the relative value of 
two fields, with signs taken into consideration. Com- 
pare is essentially a subtract operation, except that the 
difference digits are not retained. 

Division is accomplished by successive subtraction. 
The divide instruction is preceded by a load dividend 
operation. 

Function charts for 1620 operation codes are located 
in the ibm Customer Engineering Instructional System 
Diagrams, 1620 Data Processing System (Form 227- 
5631) . 
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Figure 10-1. Add Tabic 
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Figure 10-2. Multiply Table 



Add (Code 21— A) 

Sequence block diagrams for this operation are shown 
in Figures 10-3 and 10-4. The function chart for this 
operation is shown in the Instructional System Dia- 
grams, pages 11 and 12. 

Objective 

Add the field at the Q address (OR-1) to the field at 
the P address (OR-2) , and store the algebraic sum at 
the P address (OR-2) and successively lower memory 
locations. 



Arithmetic Operations 85 



E-Cycle Entry 



11 



12 



13 



14 



T/C 
Trg 
(ON) 

(Set ON During 
l-Cycle) 



1st 
Cycle 
Trg 



Hi/Pius 
Trg 



1st 
Cycle 
Trg 



OFF 



Clear F Bit 
(Carry - 
Ut Cycle) 



Example 

346 (+) Augend 
82 (+) Addend 



12 



Fid 
Mk 1 



13 



CO 



14 



CI 



Clear F Bit 
(Carry) 



21 



12 



13 



14 



I -Cycle Entry 



Fid 
Mk 2 



Set F Bit 
(Field Def ) 



Figure 10-3. ADD-Code 21/11 



Functions 

The location of the addend (Q field) is specified by 
OR-1. The location of the augend (P field) is specified 
by OR-2. The algebraic sum is stored in the P fields 
specified by OR-2. The Q field remains unchanged. 
Minimum field lengths for either the P or Q fields is 
two digits. 

Four memory cycles are required for the develop- 
ment of each digit in the algebraic sum, as follows: 

1. One digit from the Q field is read from memory 
per OR-1 to the units position of the digit/branch 

register. 

2. The corresponding digit of the P field is read 
from memory per OR-2 to mdr. 

3. The P field digit is transferred from mdr to the 
tens position of mar and the Q field digit stored 
in the digitji^ranch register is transferred to the 
units position of mar. Note: the Q field digit 
may be complemented before it is placed in mar 
depending upon the signs of the P and Q fields. 



This manufactured address with a 3 placed into 
the hundreds position of mar is used to read the 
one digit sum from the add table in memory, 
Figure 10-1, to mdr. 

4. The one digit sum is then written back into mem- 
ory from mdr to the correct digit position (per 
OR-2) replacing the original P field digit. 

There are two types of carries: 

1. A carry resulting from the addition of two digits 
is noted by a flag bit with the appropriate one 
digit sum in the add table. This flag bit turns on 
the carry out trigger. 

2. A carry resulting from the addition of a previous 
carry to a "nine" output of the t/c switch is noted 
by turning on the carry out trigger. 

Detection of a carry (carry out trigger on) sets a 
logical path for the next Q field digit so that it is in- 
creased by one before it is used to address the add table 
in the next add cycle. 

Recomplement is required in any add operation 
where the sign of the P and Q fields are initially differ- 
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ent and the P field is of less absolute value than the 
Q field. 

Addition proceeds serially, one digit at a time, build- 
ing up partial sums from low-order to high-order digit 
of the sum field until the operation is terminated by a 
flag bit (field mark No. 2) in the high-order position 
of the P field. The high-order digit of the sum is 
marked by storing a flag bit. The sign of the sum is 
marked by the presence or absence of a flag bit in the 
units position of the sum (a flag bit indicates a minus 
sign — no flag bit indicates plus sign) . 

The number of digits in the sum is equal to the 
number of digits in the P field. For a complete sum 
to be formed, the number of digits in the P field must 
be greater than or equal to the number of digits in the 
Q field. If this rule is violated, the overflow indicator 
is turned on, and the addition is performed using only 
as many Q field digits as there are positions in the 
P field (the extra digits in the addend are not used) . 
The algebraic sum of the two equal length fields is 
then obtained. See chart, Figure 10-5. 

Resulting Indicator Conditions 

1. The high/plus indicator is on if the sum is posi- 
tive and is off if the sum is negative or zero. 
2- The equal /zero indicator is on if the sum is zero 

and is off if the sum is not zero. 
3. The overflow indicator is turned on if an over- 
flow occurs; the overflow digit is lost. If the over- 
flow indicator is on as the result of a previous 
arithmetic operation, a no overflow condition of 
this add instruction will not turn it off. 
Note: Once the high/plus or equal/zero indicators 
are turned on (or off) by an arithmetic or compare 
operation, they will retain that state until the next 
arithmetic or compare operation is executed (unless 
the reset key on the console is depressed which turns 
off these indicators) . Testing them with a branch in- 
dicator or branch no indicator instruction has no effect 
on their state. The overflow indicator will be turned 
off only by testing it with a branch indicator or 
branch no indicator instruction (or by depressing the 
reset key on the console) . 

Auxiliary Trigger Status 

True /Complement (T/C) Trigger. (01.63.20.1) 

1. Turned on by trigger 1 during I-cycle and there- 
fore will be on when E-cycle is entered. 

2. Turned off during trigger 11 time on first add 
cycle if Q field is negative. 

3. Status changed during trigger 12 time on first add 
cycle if P field is negative. 



4. Operation will be true if t/c trigger is on at the 
end of trigger 12 time of first add cycle and 
complement if t/c trigger is off. Complement 
operation requires that the Q field be comple- 
mented (lO's complement in units position; 9's 
complement in other positions) for the develop- 
ment of add table addresses. 

Decrement trigger. (01.60.05.1). 

1. Turned on (decrement) during trigger 8 time of 
the preceding I-cycle. 

2. Will remain on until the next I-cycle is entered. 

3. Where it is required during the E-cycle that a 
MARS address be written back in the same storage 
register or transferred to another mars storage 
register without being decremented, a decrement 
switch bypass line will be made available by an 
E-timer trigger. 

First Cycle Trigger. (01.63.10.1). 

1. Turned on by trigger 11 when E-cycle is entered. 

2. Turned off at end of trigger 14 time on first 
add cycle. 

If recomp is required: 

3. Turned on at the beginning of recomp operation 
in parallel with trigger 21. 

4. Turned off by trigger 23 at end of first cycle of 
recomp. 

High /Plus Trigger. (01.60.40.1) 

1. Turned on when E-cycle is entered. 

2. Turned off during trigger 12 time on first add 
cycle if P field is negative. 

3. Status changed during trigger 13 time on add 
cycle in which field mark No. 2 is reached if re- 
complement is required. (No carry out on a 
complement operation.) 

4. Turned off by trigger 14 when I-cycle is entered 
if the equal/zero trigger is on (zero sum or differ- 
ence) . 

Equal /Zero Trigger. (01. 60.41. 1) . 

1. Turned on when E-cycle is entered. 

2. Turned off during trigger 13 time if an add 
table digit is other than zero. 

Field Mark No. 1 Trigger. (01.63.30.1) . 

1. Reset off by the I-cycle trigger and therefore will 
be off when E-cycle is entered. 

2. Cannot be turned on during first add cycle (Q 
field must be a minimum of two digits) . 

3. Will be turned on during trigger 1 1 time on add 
cycle in which end of Q field is reached. 
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Figure 10-5. Add Flow Diagram 



Field Mark No. 2 Trigger. (01.63.30.1) . 

1. Reset OFF by the I-cycle trigger and therefore will 
be OFF when E-cycle is entered, 

2. Cannot be turned on during first add cycle (P 
field must be a minimum of two digits) . 

3. Will be turned on during trigger 12 time on add 
cycle in which end of P field is reached. 

Carry Out Trigger. (01.63.40.1) . 

1. Reset OFF by the I-cycle trigger and therefore will 
be off when E-cycle is entered. 

2. Reset off by triggers 11, 21, and 23. 

3. Turned on during trigger 13 time on add and 
subtract cycles where the output of the t/c 
switch is a "9" and the carry in trigger is on, 

4. Turned on during trigger 13 time on add cycles 
where the add table digit in mdr contains an F 
bit (carry) . 

Carry In Trigger. (01.63.40.1). 

1. Reset OFF by the I-cycle trigger and therefore will 
be off when E-cycle is entered. 

2. Turned on during trigger 12 time on first add 
cycle if operation is complement (to obtain lO's 
complement in units position) . 

3. Reset off during trigger 13 time. 

4. Turned on by trigger 14 if the carry out trigger 
is ON. 

5. Turned on during trigger 1 2 time on first recomp 
cycle (to obtain lO's complement in units posi- 
tion) . 



Recomplement Control Trigger. (01.60.24.1) . 

1. Reset off by the I-cycle trigger and therefore will 
be off when E-cycle is entered. 

2. Will be turned on during trigger 13 time on a 
complement operation if there is no carry out on 
add cycle in which field mark No. 2 is reached. 

Recomplement Trigger. (01.60.32.1). 

1. Reset OFF by the I-cycle trigger and therefore will 
be OFF when E-cycle is entered. 

2. Turned on by trigger 21 at the beginning of a 
recomplement operation. (Recomplement trigger 
ANDS with trigger 14 to turn on trigger 23 for the 
second and succeeding cycles of recomp.) 

Sign Analysis 

The sign analysis chart. Figure 10-6, shows the operar 
tion of the t/c, high/plu5, and equal/zero triggers for 
an add operation. The chart shows the conditions re- 
quiring a recomplement operation and the conditions 
causing an overflow. 

E-Timer Trigger Objectives 

Trigger 11. (01.60.11.1). 

1. Read out of memory per OR-1 and store the digit 
in d/b REG units. 

2. Write back OR-1 decremented. - 

3. Turn on field mark No. 1 trigger after first cycle 
when end of Q field is reached. 

4. Turn off t/c trigger during first cycle if Q field 
is negative. 
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Trigger 12. (01.60.12.1). 

1 . Read out of memory per OR-2 and store the digit 
in MDR. 

2. Write back OR-2 bypassed (to save address for 
writing the sum digit into memory during trigger 
14 time) . 

3. Change the status of the t/c trigger on first cycle 
if P field is negative. 

4. Turn off high/plus trigger on first cycle if P field 
is negative. 

5. Turn on field mark No. 2 trigger after first cycle 
when end of P field is reached. 

For complement operation or recomp: 

6. Turn on the carry in trigger during first cycle to 
obtain lO's complement in units position. 

For recomp: 

7. Set d/b REG units from mdr. 

Trigger 13. (01.60.13.1). 

1. Develop and set add table address in mar (see 
Figure 10-7) . 

2. Read out of memory per add table address and 
store the sum digit in mdr. 

3. Turn on the carry out trigger if mdr contains an 
F bit (carry) . 

4. Turn on the carry out trigger if the output of the 
t/c switch is a "9" and the carry in trigger is on, 

5. Reset d/b reg units. (See trigger 21 Objective 2.) 



For recomp: 

6. Turn on recomp control trigger if during comple- 
ment operation there is no carry out on add cycle 
in which field mark No. 2 is reached. 

7. Set C bit latch in tens position of mar to supply 
a zero for development of add table address. 

8. Change status of high/plus trigger if recomple- 
ment is required. 

Miscellaneous: 

9. Set overflow trigger if: 

(a) On a true operation a carry out is detected 
on the add cycle in which field mark No. 2 
is reached. 

(b) The P field is shorter than the Q field. 
(Field mark No. 2 trigger turned on before 
field mark No. 1 trigger.) 

10. Turn off equal/zero trigger if add table digit is 
not a "zero." 

Trigger 14. (01.60.14.1). 

1. Block reset of mdr (Read Y) . 

2. Read out of memory per OR-2 with either the 
odd or the even sense amplifiers blocked (Read 
Y) , depending on whether the OR-2 address is 
odd or even, to clear the memory location. 

3. Write back OR-2 decremented. 
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4. Set an F bit in mdr on first add cycle and first 
recomp cycle i£ high/plus trigger is off (minus 
sign) . 

5. Clear the F bit on first add cycle if high/plus trig- 
ger is ON (plus sign) and add table digit contains 
a carry. 

6. Set an F bit in mdr for field definition on the add 
cycle and recomp cycle in which field mark No. 2 
trigger is turned on. 

7. Clear F bit (carry) after first add cycle and before 
the add cycle in which field mark No. 2 trigger 
is turned on. 

8. Transfer mdr to mbr. 

9. Turn on carry in trigger if carry out trigger is on. 

10. Turn on trigger II if neither field mark No. 1 
nor field mark No. 2 has been reached to repeat 
the four memory cycles (triggers II, 12, 13 and 
14) for the next higher order digits. 

11. Turn on trigger 21 if field mark No. 1 has been 
reached and field mark No. 2 has not. 

12. Enter I-cycle for next instruction if field mark 
No. 2 has been reached and recomp is not neces- 
sary. 

For recomp: 

13. Turn on trigger 21 and first cycle trigger for 
the first recomp cycle. 

14. Turn on trigger 23 after the first recomp cycle if 
field mark No. 2 has not been reached. 

15. Enter l-cycle for next instruction if field mark 
No. 2 has been reached. 

Trigger 21. (01. 60.3 1. 1) . 
Not recomp: (Replaces trigger 11 after field mark 
No. I has been reached.) 

1. Block mar reset to prevent vrc error. 

2. Set zero in d/b REG units. (This will provide zeros 
in place of the Q field digits previously set in d/b 
REG units by trigger II.) The d/b reg units was 
reset during trigger 13 time. 

Recomp: (Replaces trigger II on first recomp cycle.) 

1. Transfer OR-3 (address of units position of P 
field) into OR-2. 

2. Reset off field mark No. 1 trigger. 

3. Reset off field mark No. 2 trigger. 

4. Turn on recomp trigger. 

Trigger 23. (01.60.32.1). 
Used only if a recomplement is required. (Replaces 
trigger II or 21 for first memory cycle of second and 
succeeding recomp cycles. 

1. Block MAR reset to prevent vrc error. 

2. Turn on trigger 12. 



Add Immediate (Code 1 J — AM) 

Sequence block diagrams for this operation are shown 
in Figures 10-3 and. 10-4. The function chart for this 
operation is shown in the Instructional System Dia- 
grams, pages 11 and 12. 

Objective 

Add the field whose units position is the digit of 
the add immediate instruction to the field at the P 
address (OR-2) and store the algebraic sum at the P 
address (OR-2) and successively lower memory loca- 
tions. 

Functions 

The add immediate operation differs from the Add- 
Code 21 operation only in the method of setting the 
Q field address in OR-1 during the I-cycle, See Add 
Code 21. 

Auxiliary Triggers 

See Add Code 21. 

E-Timer Trigger Objectives 

See Add Code 21. 



Subtract (Code 22 — S) 

Sequence block diagrams for this operation are shown 
in Figures 10-8 and 10-9. The function chart for this 
operation is shown in the Instructional System Dia- 
grams, pages 11 and 12. 

Objective 

Subtract the field at the Q address (OR-1) from the 
field at the P address (OR-2) , and store the algebraic 
difference at the P address (OR-2) and successively 
lower memory locations. 

Functions 

The location of the subtrahend (Q field) is specified by 
OR-1. The location of the minuend (P field) is speci- 
fied by OR-2. The algebraic differences are stored in 
the P field specified by OR-2. The Q field remains un- 
changed. Minimum field length for either the P or Q 
fields is two digits. 

Four memory cycles are required for the develop- 
ment of each digit in the algebraic difference as 
follows: 

1. One digit of the Q field is read from memory per 
OR-1 to the units position of the digit/branch 
register. 
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2. The corresponding digit of the P field is read 
from memory per OR-2 to mdr. 

3. The P field digit is transferred from mdr to the 
tens position of mar. The Q field digit stored 
in the digit/branch register is transferred to the 
units position of mar. (Note: The Q field digit 
may be complemented before it is placed in mar, 
depending upon the signs of the P and Q fields.) 
This manufactured address with a 3 placed into 
the hundreds position of mar is used to read the 
one digit difference from the add table. Figure 
1 0- 1 , i n memory to mdr. 

4. The one digit difference is then written back into 
memory from mdr to the correct digit position 
(per OR-2) replacing the P field digit. 

Two types of carries can result from a subtract oper- 
ation. 

1 . A carry resulting from the subtraction of two digits 
is noted by a flag bit with the appropriate one 
digit difference in the add table. This flag bit 
turns on the carry out trigger. 

2. A carry resulting from the addition of a previous 
carry to a "nine" output of the t/c switch is noted 
by turning on the carry out trigger. 

Detection of a carry (carry out trigger on) sets 
a logical path for the next Q field digit so that 
it is increased by one before it is used to address 
the add table in the next subtract cycle. 

Recomplement is required for any subtract 
operation where the signs of the P and Q fields 
are initially the same and the absolute value of 
the P field is less than the absolute value of the 
Q field. 

Subtraction proceeds serially, one digit at a time, 
building up partial differences from the low-order to 
the high-order digit of the difference field until the 
operation is terminated by a flag bit, (field mark No. 
2) , in the high-order position of the P field. The 
high-order digit of the difference is marked by storing 
a flag bit. The sign of the difference is marked by the 
presence or absence of a flag bit in the units position 
of the difference. (A flag bit indicates minus sign. No 
flag indicates plus sign.) 

The number of digits in the difference is equal to 
the number of digits in the P field. For a complete 
difference to be formed, the number of digits in the 
P field must be greater than or equal to the number 
of digits in the Q field.. If this rule is violated, the 
overflow indicator is turned on and the subtraction 
U performed using only as many Q field digits as 
there are ix)sitions in the P field. (The extra digits 
in ihe Q field are not used.) The algebraic differ- 
ence of the two equal length fields is then obtained. 



Resulting Indicator Conditions 

1. The high/plus indicator is on if the difference is 
positive and is off if the difference is negative or 
zero. 

2. The equal zero indicator is on if the difference is 
zero and is turned off if the difference is not zero. 

3. The overflow indicator is turned on if an over- 
flow occurs; the overflow digit is lost. If the over- 
flow indicator is on as a result of a previous arith- 
metic operation, a no overflow condition on this* 
subtract instruction will not turn it off. 

Note: Once the high/plus or equal/zero indica- 
tors are turned on or off. by an arithmetic or com- 
pare operation they will retain that state until 
the next arithmetic or compare operation is exe- 
cuted (unless the reset key on the console is de- 
pressed which turns off these indicators) . Test- 
ing them with a branch indicator or branch no 
indicator instruction has no effect on their state. 
The overflow indicator will be turned off only 
by testing it with a branch indicator or branch 
no indicator instruction (or by depressing the 
reset key on the console) . 

Auxiliary Trigger Status 

True /Complement (T/C) Trigger. (01.63.20.1). 

1. Turned on by trigger 1 during I-cycle. 

2. Turned off by the E-cycle entry trigger during 
trigger 8 time when a subtract or subtract immedi- 
ate operation code has been set in the op reg and 
therefore will be off when E-cycle is entered. 

3. Turned on during trigger 11 time on first add 
cycle if Q field is negative. 

4. Status changed during trigger 12 time on first 
add cycle if P field is negative. 

5. Operation will be true if t/c trigger is on at the 
end of trigger 12 time of the first add cycle, and 
complement if t/c trigger is off. Complement 
operation requires that the Q field be comple- 
mented (lO's complement in units position; 9's 
complement in other positions) for the develop- 
ment of add table addresses. 

Other Auxiliary Triggers. Refer to Add -Code 21 for 
status of other auxiliary triggers. 

Sign Analysis 

The sign analysis chart, Figure 10-10, shows the opera- 
tion of the t/c, high/plus, and equal/zero triggers for 
a subtract operation. The chart shows the conditions 
requiring a recomplement operation and the condi- 
tions causing an overflow. 
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NOTES: If the Equal/Zero Trigger is ON 
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Figure 10-10. Sign Analysis Chart 



E-Timer Trigger Objectives 

Trigger 11. (01.60.11.1). 

1. Read out memory per OR-1 and store the digit 
in d/b REG units. 

2. Write back OR-1 decremented. 

3. Turn on field mark No. 1 trigger after first cycle 
when end of Q field is reached. 

4. Turn on t/c trigger during first cycle if Q field 
is negative. 

Trigger 12. (01.60.12.1). 

1 . Read out of memory per OR-2 and store the digit 
in MDR. 

2. Write back OR-2 bypassed (to save address for 
writing the difference digit into memory during 
trigger 14 time) . 



3. Change the status of the t/c trigger on first cycle 
if P field is negative. 

4. Turn off high/plus trigger on first cycle if P field 
is negative. 

5. Turn on field mark No. 2 trigger after first cycle 
when end of P field is reached. 

For complement operation or recomp: 

6. Turn on the carry in trigger during first cycle to 
obtain lO's complement in units position. 

For recomp: 

7. Set d/b REG units from mdr. 

Other E-Timer Triggers. Refer to Add - Code 21 for 
objectives of other E-timer triggers. Other E-timer 
triggers used are: 13, 14 and 21 (also 23 if recom- 
plement is required) . 
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Subfract Immediate (Code 1 2 — SM) 

Sequence block diagrams for this operation are shown 
in Figures 10-8 and 10-9. The function chart for this 
operation is shown in the Instructional System Dia- 
grams, pages 1 1 and 12. 



the subtrahend (Q field) address in OR-1 during the 
I-cycle. See Subtract - Code 22. 

Auxiliary Triggers 

See Subtract - Code 22. 



Objective 

Subtract the field whose units position is the Q„ digit 
of the subtract immediate instruction from the field at 
the P address (OR-2) , and store the algebraic differ- 
ence at the P address (OR-2) and successively lower 
memory locations. 

Functions 

The subtract immediate operation differs from the Sub- 
tract-Code 22 operation only in the method of setting 



E-Timer Triggers 

See Subtract - Code 22. 



Compare (Code 24 — C) 

Sequence block diagrams for this operation are shown 
in Figures 10-11, 10-12, 10- IS, and 10-14. The function 
chart for this operation is shown in the Instructional 
System Diagrams, pages 11 and 12. 
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Figure 10-11. Compare-Code 24/14 (Plus Signs) 
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Figure 10-14. Compare— Code 24/14— Zeros— ( I nlike Signs) 



Objective 

Compare the field at the Q address (OR- 1) to the field 
at the P address (OR-2) to determine if the P field is 
algebraically higher than or algebraically equal to the 
Q field with signs taken into consideration. 

Functions 

The high or equal condition of the field specified by 
OR-2 relative to the field specified by OR-1 is estab- 
lished, considering signs. Both fields remain unchanged 
after the comparison has been completed. 

Four memory cycles are required to compare each 
position of the two fields as follows: 

1. One digit from the Q field is read from memory 
per OR-I to the units position of the digit/branch 
register. 

2. The corresponding digit of the P field is read 
from memory per OR-2 to mdr. 

3. The P field digit is transferred from mdr to the 
tens position of mar and the digit stored in the 
digit/branch register is complemented (tens com- 
plement in units position; nines complement in 
other positions) and placed in the units position 
of MAR. This manufactured address with a 3 placed 



into the hundreds position of mar is used to read 
the one digit difference from the add table in 
memory, Figure 1 0-1, to mdr. 
4. The difference digit in mdr is not written back 
into memory and therefore is lost. The fourth 
cycle decrements the P address (OR-2) in prepara- 
tion for the next compare cycle. 

The comparison proceeds serially, one digit at a 
time, from low-order to high-order digits of the com- 
pared fields until the op>eration is terminated by a flag 
bit (field mark No. 2) in the high-order position of 
the P field. The comparison is performed internally by 
subtraction of the Q field from the P field. However, 
the digits of the difference are lost. 

If the signs of the two fields are initially different 
and one or both of the fields contains a significant digit 
(not zero) the compare operation is terminated after 
a digit in one or both fields has been interrogated. The 
field whose sign is positive is declared high. A compar- 
ison of zeros with unlike signs results in an equal com- 
parison (the 1620 considers a plus zero as being equal 
to a minus zero) . 

A comparison may be executed on two fields con- 
taining a random mixture of alphameric and special 
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characters or on two numerical fields. A legitimate 
comparison may not be executed on an alphameric 
field and a numerical field without first expanding 
the numerical field to the alphameric format (or vice 
versa) . 

For a complete comparison to be performed, the 
number of digits in the P field must be greater than or 
equal to the number of digits in the Q field (unless 
their signs are not alike) . If this rule is violated, the 
overflow indicator is turned on and the extra digits in 
the Q field are not used; however, the result of the 
comparison is correct to the point where comparison is 
terminated. 

Minimum length for either of the fields being com- 
pared is two digits. 

Resulting Indicator Conditions 

1. The high/plus indicator is on if the P field is 
higher than the Q field and is off if not higher 
with signs taken into consideration. 

2. The equal /zero indicator is on if the P field is 
equal to the Q field and is off if not equal. 

3. The overflow indicator is turned on if an over- 
flow occurs. If the overflow indicator is on as the 
result of a previous arithmetic operation, a no 
overflow condition of this compare instruction 
will not turn it off. 

Note: Once the high/plus or equal/zero indica- 
tors are turned on (or off) by an arithmetic or 
compare operation, they will retain that state until 
the next arithmetic or compare operation is exe- 
cuted (unless the reset key on the console is de- 
pressed which turns off these indicators) . Test- 
ing them with a branch indicator or branch no 
indicator instruction has no effect on their state. 
The overflow indicator will be turned off only 
by testing it with a branch indicator or branch no 
indicator instruction (or by depressing the reset 
key on the console) . 

Auxiliary Trigger Status 

True /Complement (T/C) Trigger. (01.63.20.1) . 

1. Turned on by trigger 1 during I-cycle. 

2. Turned off by the E-cycle entry trigger during 
trigger 8 time when a compare or compare immedi- 
ate operation code has been set in the op reg, and 
therefore will be off when E-cycle is entered. 

3. Turned on during trigger II time on first com- 
pare cycle if Q field is negative. 

4. Status changed during trigger 12 time on first 
compare cycle if P field is negative. 

5. The t/c trigger must be off (designating a 
complement operation) at the end of trigger 12 



time if a complete compare operation is to take 
place. Complement operation requires that the 
Q field be complemented (lO's complement in 
units position; 9's complement in other positions) 
for the development of add table addresses, 
6. The t/c trigger will be on (designating a true 
operation) at the end of trigger 12 time if the 
P and Q fields have unlike signs. 

Decrement Trigger. (01.60.05.1). 

1. Turned on (decrement) during trigger 8 time of 
the preceding I-cycle. 

2. Will remain on until the next I-cycle is entered. 

First Cycle Trigger. (01.63.10.1). 

1. Turned on by trigger 11 when E-cycle is entered. 

2. Turned off at end of trigger 14 time on first 
compare cycle. 

High /Plus Trigger. (0 1 .60.40. 1 ) . 

1 . Turned on when E-cycle is entered. 

2. Turned off during trigger 12 time on first com- 
pare cycle if P field is negative. 

3. Status changed during trigger 13 time of the com- 
pare cycle in which field mark No. 2 is reached 
if there is not a carry out. 

4. Turned off by trigger 14 when I-cycle is entered 
if the equal/zero trigger is on (comparison of 
zeros) . 

Equal/Zero Trigger. (01.60.41.1). 

1. Turned on when E-cycle is entered. 

2. Turned off during trigger 13 time if add table 
digit is other than zero. 

3. Turned off during trigger 12 time if the P and Q 
fields have unlike signs, if it is not first cycle, and 
if a significant digit and a zero or significant digits 
(not zero) are being compared. 

Field Mark No. 1 Trigger. (01.63.30.1) . 

1. Reset off by the I-cycle trigger and therefore will 
be OFF when E-cycle is entered. 

2. Cannot be turned on during first compare cycle 
(Q field must be a minimum of two digits) . 

3. Will be turned on during trigger 1 1 time on com- 
pare cycle in which end of Q field is reached. 

Field Mark No. 2 Trigger. (01.63.30.1) . 

1. Reset OFF by the I-cycle trigger and therefore will 
be OFF when E-cycle is entered. 

2. Cannot be turned on during first compare cycle 
(P field must be a minimum of two digits) . 

3. Will be turned on during trigger 12 time on com- 
pare cycle in which end of P field is reached. 

Carry Out Trigger. (01.63.40.1). 

1. Reset OFF by the I-cycle trigger and therefore will 
be off when E-cycle is entered. 
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2. Reset off by triggers 11, 21, and 23. 

3. Turned on during trigger 13 time on compare 
cycles where the add table digit in mdr contains 
an F bit (carry) . 

4. Turned on during trigger 13 time on compare 
cycles -where the output o£ the t/c switch is a "9" 
and the carry in trigger is on. 

Carry In Trigger. (01.63.40.1). 

1 . Reset OFF by the I-cycle trigger and therefore will 
be off when E-cycle is entered. 

2. Turned on during trigger 12 time on first com- 
pare cycle to obtain lO's complement in units 
position. 

3. Reset off during trigger 13 time. 

4. Turned on by trigger 14 if the carry out trigger 
is ON. 

Digit /RM Trigger. (01.63.50.1) 

1 . Reset OFF by the I-cycle trigger and therefore will 
be off when E-cycle is entered. 

2. Turned on during trigger 11 time if mdr con- 
tains a digit (not zero) . 

3. Turned on during trigger 12 time if mdr con- 
tains a digit (not zero) . 

Sign Analysis 

The sign analysis chart, Figure 10-15, shows the opera- 
tion of the t/c, high/plus, and equal/zero triggers for 
a compare operation. 



E-Timer Trigger Objectives 

Trigger 11. (01.60.11.1). 

1. Read out of memory per OR-1 and store the digit 
in d/b REG units. 

2. Write back OR-1 decremented. 

3. Turn on field mark No. 1 trigger after first cycle 
when end of Q field is reached. 

4. Turn on t/c trigger during first cycle if Q field 
is negative. 

5. Turn on digit/RM trigger if mdr contains a signifi- 
cant digit (not zero) . 

Trigger 12. (01.60.12.1). 

1. Read out of memory per OR-2 and store the digit 
in MDR. 

2. Write back OR-2 bypassed. 

3. Change the status of the t/c trigger on first cycle 
if P field is negative. 

4. Turn off high /plus trigger on first cycle if P 
field is negative. 

5. Turn on field mark No. 2 trigger after first cycle 
when end of P field is reached. 

6. Turn on the carry in trigger during first cycle to 
obtain lO's complement in units position. 

7. Turn on digit/RM trigger if mdr contains a signifir 
cant digit (not zero) . 

8. Enter I-cycle for next instruction in sequence if 
it is not the first cycle and a significant digit (not 
zero) in fields with unlike signs is compared. 
(I-cycle entry under these conditions turns off the 
equal/zero trigger.) 
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Figure 10-15. Sign Analysis Chart 
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Trigger 13. (01.60.13.1). 

1. Develop and set add table address in mar (see 
Figure 10-7) . 

2. Read out of memory per add table address and 
store the digit in mdr. 

3. Turn on the carry out trigger if mdr contains an 
F bit (carry) . 

4. Turn on the carry out trigger if the output of the 
t/c switch is a "9" and the carry in trigger is on. 

5. Reset d/b reg units. (See trigger 21 Objective 1.) 

6. Change status of high/plus trigger if there is no 
carry out on the cycle in which field mark No. 2 
is reached. 

Miscellaneous: 

7. Turn on the overflow trigger if the P field is 
shorter than the Q field. 

8. Turn off equal/zero trigger if add table digit is 
not a zero. 

Trigger M. (01.60.14.1). 

1. Read into mar from OR-2 and write back OR-2 
decremented. 

2. Turn on carry in trigger if carry out trigger is on. 

3. Turn on trigger 11 if neither field mark No. 1 
nor field mark No. 2 has been reached and repeat 
the four memory cycles (triggers 11, 12, 13 and 
14) for the next higher order digits. 

4. Turn on trigger 21 if field mark No. 1 has been 
reached and field mark No. 2 has not. 

5. Enter I-cycle for next instruction in sequence if 
field mark No. 2 has been reached. 

Trigger 21. (01.60.31.1). 

Note: Trigger 21 replaces trigger 11 for first memory 
cycle after field mark No. 1 has been reached. 

1. Set zero in d/b reg units. (This will provide zeros 
in place of the Q field digits previously set into 
d/b reg units by trigger 11.) The d/b reg units 
was reset during trigger 13 time. 

Compare Immediate (Code 14 — CM) 

Sequence block diagrams for this operation are shown 
in Figures 10-11, 10-12, 10-13 and 10-14. The function 
chart for this operation is shown in the Instructional 
System Diagrams, pages 11 and 12. 

Objective 

Compare the field whose units position is the Qu digit 
of the compare immediate instruction to the field at 
the P address (OR-2) to determine if the field at the 
P address is higher than or equal to the field in the Q 
part of the instruction, signs considered. 



Functions 

The compare immediate operation diflEers from the 
Compare - Code 24 operation only in the method of 
setting the OR-1 address during the I-cycle. See Com- 
pare -Code 24. 

Auxiliary Triggers 

See Compare - Code 24. 

E-Timer Triggers 

See Compare - Code 24. 

Multiply (Code 23 — M) 

The sequence block diagram for this operation is 
shown in Figure 10-16. The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
pages 15, 17, and 19. 

Objective 

Multiply the field at the P address (OR-2) by the 
field at the Q address (OR-1) , and store the algebraic 
product at location 00099 and successively lower mem- 
ory locations. 

Functions 

The location of the multiplier is specified by OR-1 
(Q field) . The location of the multiplicand is specified 
by OR-2 (P field) . Minimum field length for either 
the multiplier or the multiplicand is two digits. Both 
the multiplier and the multiplicand remain unchanged 
when multiplication is completed. 

Multiplication proceeds serially, one digit at a time, 
building up partial products from the low-order to the 
high-order digit of the product field. The operation is 
terminated when the high-order digit of the multipli- 
cand field has been multiplied by the high-order digit 
of the multiplier field. The high-order position of the 
product is marked by storing a flag bit. A negative 
product is marked by a flag bit in the units position; 
absence of a flag bit indicates a positive product. 

The number of digits in the product is limited only 
by available memory space, and is equal to the sum of 
the number of digits in the multiplier and in the 
multiplicand. Twenty positions for the product area 
in memory (00080-00099) are cleared to zeros at the 
beginning of the multiply operation. The length of 
the product may exceed 20 digits if a program is writ- 
ten to clear to zero the required number of locations 
in excess of 20 before the multiply instruction is exe- 
cuted. If the product exceeds 100 digits, the 101st 
digit (high-order end of product) will be placed in 
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location 19999 and the remaining digits in successively 
lower memory locations. 

A minimum of eight memory cycles are required to 
develop and store in the product area of memory each 
digit of the product as follows: 

1. One digit of the multiplier is read from memory 
per OR-1 to the multiplier/quotient (m/q) reg- 
ister where it is stored for use with each digit of 
the multiplicand. 

2. The multiplicand digit is read from memory per 

OR-2 to MDR. 

3. The multiplicand digit is transferred from mdr to 

the tens position of mar and the multiplier digit 
is passed through a doubler circuit to form two 
digits which are entered into the hundreds and 
units positions of mar. (The digit entering the 
hundreds position is increased by one before be- 
ing placed in mar) see Figure 10-17. This manu- 
factured address is used to read the two digit 
product (whose digits are in reverse order) from 
the multiply table stored in memory in locations 
00100 through 00299, Figure 10-2. The two digit 
product is stored (with digits in the correct 
order) in the digit /branch register. 

4. The appropriate digit is read from the product 
area in memory per PR-2 (PR-1 on the first cycle 
associated with each new multiplier digit) to mdr. 

5. The digit in the units position of the digit/branch 
register is transferred to the units position of mar 
and the product area digit in mdr is transferred 
to the tens position of mar. This manufactured 
address with a "3" forced into the hundreds posi- 
tion of mar is used to read the one digit sum 
from the add table in memory to mdr (Figure 10-1) 



6. The one digit sum is then written back into mem- 
ory from mdr to the appropriate position of the 
product area per PR-2. PR-2 is written back 
decremented. 

7. The next higher order digit is read from the 
product area per PR-2 to mdr. 

8. The digit in the tens position of the digit/branch 
register' is transferred to the units position of the 
digit register and from there to the units position 
of MAR. The product area digit in mdr is trans- 
ferred to the tens position of mar. This manufac- 
tured address with a "3" forced into the hundreds 
position of mar is used to read the one digit sum 
from the add table to mdr. 

9. The one digit sum is then written back into mem- 
ory from MDR to the appropriate position of the 
product area per PR-2. 

10. Carries, if any, are added to the partial product 
before the next multiplication cycle begins. See 
Chart of Trigger Objectives and Sequence, Figure 
10-18. 

Resulting Indicator Conditions 

1. The high/plus indicator is on if the product is 
positive and off if the product is negative or zero. 

2. The equal/zero indicator is on if the product is 
zero and is off if the product is not zero. 
Note: Once the high /plus or equal/zero indi- 
cators are turned on or off by an arithmetic or 
compare operation, they will retain that state until 
the next arithmetic or compare operation is exe- 
cuted (unless the reset key on the console is de- 
pressed which turns these indicators off) . Testing 
them with a branch indicator or branch no indi- 
cator instruction has no effect on their state. 
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Auxiliary Trigger Status 

True / Complement Trigger. (01.63.20.1). 

1. Turned on (true) by trigger 1 of the I-cycle and 
remains on throughout the multiply operation to 
provide a path for transfer of digits from the 
units position of the digit/branch register to the 
units position of mar. 

Decrement Trigger. (01.60.05.1). 

1. Turned off (increment) by the I-cycle trigger. 

2. Turned on (decrement) by trigger 33 at end of 
product area clearing operation. 

3. Remains on for remainder of multiply operation. 

Equal/Zero Trigger. (01.60.41.1). 

1. Turned on by trigger 32. 

2. Turned off during trigger 37 or trigger 40 time 
if the add table digit is other than zero. 



No Carry Out 




Clear Product Areo 
(00080-00099) to 
Zeros. 

(Set 00080 in MAR; 
Increment PR-1 in 
Continue Clearing 
Process) 

Trigger 32 Remains 
ON for Ten Memory 
Cycles. 



Read Multiplier Digit 
From Memory per OR-1 
and Store it in the 
Multiplier/Quotient 
Register. 

(Decrement OR- 1 to 
Prepare for Reading 
Next Higher-Order 
Digit of Multiplier 
From Memory, Turn OFF 
Hig>y/Plus Trg on 
First Cycle if the 
Multiplier is Negative. 
Set Field Mark No. 1 
Trg on Cycle in Which 
High-Order Digit of 
Multiplier is Read 
from Memory.) 



Reod Multiplicand 
Digit from Memory 
per OR-3 (per OR-2 
on First Cycle of 
Each New Multiplier 
Digit) and Store it in 
MDR. 



Develop and Set 
Multiply Toble 
Address in MAR. 
Read Multiply 
Table Digits 
from Memory into 
the Digit/Branch 
Register. (MDR 
Digit/Branch 
into Register Units; 
MBR-Odd into 
Digit/Branch 
Register Tens.) 



(Write Back OR-2 
Bypassed on First 
Cycle of Eoch 
Multiplier Digit to 
Maintain Address 
of Units Position 
of Multiplicand 
in OR-2. 
Decrement OR-3 to Prepare for 
Reading Next Higher-Order Digit 
of Multiplicand from Memory. 
Change Status of High/Plus Trg on 
First Cycle if Multiplicand is 
Negative. 

Set Field Mark No. 2 Trg on 
Cycles in Which High-Order 
Digit of MultiplicarKi is Read 
from Memory.) 



Read Product Area Develop and Set 

Digit from Memory ADD Toble 

per PR-2 (per PR-1 Address in MAR. 

on First Cycle of Read ADD Table 

each New Multi- Digit from 

plier Digit) and Memory into 

Store it in MDR. MDR. 

(Decrement PR-1 (Set Corry Out 
on First Cycle of Trg if ADD Toble 
Each Multiplier Digit Contains a 
Digit to Read Flag Bit. Transfer 

Next Higher- Contents of Digit/ 

Order Product Branch Register Tens 

Area Digit from to Digit/Branch 
Memory at Start Registerlinits for 
of Multiplication Use During Trg 40 
by Next Multiplier Time.) 

Digit. Write PR-1 

Into PR-2 Bypassed on First Cycle of Each 
Multiplier Digit to Maintain Address for 
Storing Sum Digit During Trg 38 Time 
First Cycle. Write Back PR-2 Bypassed 
After First Cycle of Each Multiplier 
Digit for Storing Sum Digit During 
Trg 38 Time. 



Read Product Area 
Digit from Memory 
per PR-3 and Store 
it in MDR. 

(Write Back PR-3 
Bypassed to Main- 
tain Address for 
Storing Sum Digit 
During Trg 41 Time.) 



Write Sum Digit 
into Product Area 
per PR-2. 

(Clear any F Bit 
Denoting Carry 
Before Placing 
Sum Digit in 
Product Area. 
Write Back PR-2 
Decremented to 
Read Next High- 
er-Order Product 
Area Digit from Memory During Trg 
36 Time of the multiplication of 
the Next Higher-Order Digit of the 
Multiplicand by this Same Digit of 
the Multiplier. Also Write PR-2 
Decremented Into PR-3 for use 
During Trg 39 Time. 
Set F Bit With Sum Digit on First 
Cycle if Higlytlus Trg is OFF De- 
noting a Negative Product. 
Set Carry In Trg if Carry Out Tig 
is ON from Trg 37 Time.) 



Develop and Set 
ADD Table Address 
in MAR. Read 
ADD Table Digit 
from Memory Into 
MDR. 

(Set Carry Out 
Trg if ADD 
Table Digit con- 
tains a Flag Bit.) 



Write Sum Digit 
Into Product Area 
Per PR-3. 

(Clear any F Bit 
Denoting Carry 
Before Placing Sum 
Digit in Product 
Area. Decrement 
PR-3 for use During 
Trg 39-40-41 Loop 
if Carry Out Condi- 
tion Exists. 
Set Field Definition 
F Bit with Sum Digit 
on Cycle in Which 
High-Order Digit of 
Product is Placed in 
Product Area. Set 
Carry In Trg if 
Carry Out Trg is ON 
From Trg 40 Time.) 



Figure 10-18. Multiply— Flow Diagram 



First Cycle Trigger. (01.63.10.1). 

1. Turned on by trigger 32. 

2. Turned off by trigger 39 on first multiply cycle. 

High /Plus Trigger. (01.60.40.1) 

1. Turned on by trigger 32. 

2. Turned off during trigger 33 time on first multi- 
ply cycle if the Q field (OR-1) is negative. 

3. Status changed during trigger 34 time on first 
multiply cycle if the P field (OR-2) is%€gative. 

4. Status at the end of trigger 34 time designates 
the sign of the product. 

Cycle Control Trigger. (Oi.62.31.1) . 

1. Turned on during trigger 32 time when the ad- 
dress in MAR reaches 00096 to terminate the 
product area clearing operation. 

2. Turned off by trigger 39. 

3. Turned on by trigger 33 when the next multiplier 
digit is required. 

Carry Out Trigger. (01.63.40.1) . 

1. Reset off by trigger 35 to ensure off status for 
entry into multiply operation, 

2. Turned on during trigger 37 or trigger 40 time 
on add cycles where the add table digit in mdr 
contains an F bit (carry) . 

3. Turned on during trigger 40 time on add cycles 
where the output of the t/c switch is a "9" and a 
carry exists (CI trigger on) from the previous add 
cycle. 

4. Reset off during trigger 39 time. 

Carry In Trigger. (01.63.40.1). 

1. Reset off by the I-cycle trigger and therefore will 
be off when E-cycle is entered. 

2. Reset off during trigger 35 time. 

3. Turned on by trigger 38 or trigger 41 if the carry 
out trigger is on. 

4. Reset off during trigger 40 time. 

Field Mark No. 1 Trigger. (01.63.30.1) . 

1. Reset OFF by the I-cycle trigger and therefore will 
be OFF when E-cycle is entered. 

2. Cannot be turned on during first multiply cycle 
(Q field must be a minimum of two digits) . 

3. Turned on during trigger 33 time on the multi- 
ply cycle in which end of Q field (OR-1) is 
reached. 

Field Mark No. 2 Trigger. (01.63.30.1). 

1. Reset OFF by the I-cycle trigger and therefore will 
be OFF when E-cycle is entered. 

2. Cannot be turned on during first multiply cycle 
(P field must be a minimum of two digits) . 

3. Turned on during trigger 34 time on multiply 
cycles in which end of P field (OR-2) is reached. 

4. Turned off by trigger 33. 



E-Timer Trigger Objectives 

Trigger 32. (01.62.30.1). 

1. Turn on first cycle trigger. 

2. Turn on high/plus trigger. 

3. Turn on equal/zero trigger. 

4. Set 00080 in mar on first memory cycle. 

5. Read out of memory per 00080, with both the 
even and odd sense amplifiers blocked (Block 
Memory SA) , to clear product area memory loca- 
tions 00080 and 00081. 

6. Write into PR-1 the mar address (00080) in- 
cremented plus 2. 

7. Set C bits into MBR-even and MBR-odd to provide 
zeros for the product area. 

8. Write into memory per mar address (00080) 
from MBR. 

Trigger 32 remains on for a total of ten memory 
cycles during which time the 20 memory locations 
designated as product area (00080-00099) are set to 
zero. Memory locations per PR-1 are cleared two per 
memory cycle by incrementing plus 2 until 00096 
and 00097 have been set to zero and 00098 written 
into PR-1. The cycle control trigger is turned on 
during the cycle in which 00096 is in mar and 
00098 is written back into PR-1. On the tenth mem- 
ory cycle, with the cycle control trigger on, 00098 
is read into mar from PR-1 and memory locations 
00098 and 00099 are set to zero. The mar address 
(00098) is written back into PR-1 incremented plus 
one. PR-1 then contains 00099, which designates the 
location of the units position of the product area 
in memory. 

Trigger 33. (01.62.33.1). 

1. Read out of memory per OR-1 (multiplier) and 
store the digit in the m/q register. 

2. Write back OR-1 decremented. 

3. Turn off high/plus trigger during first cycle if Q 
field (multiplier) is negative. 

4. Set field mark No. 1 trigger after first cycle when 
end of Q field (OR-1) is reached. 

Trigger 34. (01.62.34.1). 
For units position of multiplicand: 

1. Read out of memory per OR-2 and store the digit 
in mdr. 

2. Write back OR-2 bypassed. 

3. Write from mar into OR-3 decremented. 
For other than units position of multiplicand: 

4. Read out of memory per OR-3 and store the digit 
in MDR. 

5. Write back OR-3 decremented. 
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On first multiply cycie: 

6. Change status of high/plus trigger if P field (mul- 
tiplicand) is negative. 

After first multiply cycle: 

7. Set field mark No. 2 trigger when end of multipli- 
cand field (OR-3) is reached. 

Trigger 35. (01.62.35.1) . 

1. Develop and set multiply table address in mar 
(see Figure 10-19.) 

2. Read out of memory per multiply table address 
and store in the digit/branch register the two 
digits that are associated with that address. 

Trigger 36. (01.62.36.1). 
For units position of multiplicand: 

1. Read out of memory per PR-1 (product area) 
and store the digit in mdr. 

2. Write back PR-1 decremented and write PR-1 
bypassed into PR-2. 

For other than units position of multiplicand: 

3. Read out of memory per PR-2 (product area) 
and store the digit in mdr. 

4. Write back PR-2 bypassed. 

Trigger 37. (01.62.37.1). 

1. Develop and set add table address in mar^, trans- 
ferring the digit in the units position of the digit/ 
branch register into the units position of mar and 
the digit in mdr into the tens position of mar. 

2. Read out of memory per add table address and 
store the sum digit in mdr. 

3. Transfer the digit in the tens position of the digit/ 
branch register into the units position of the 
digit/branch register. 

4. Turn on carry out trigger if mdr contains an F 
bit (add table carry) . 

5. Turn on carry out trigger if the output of the t/c 
switch is a "9" and a carry exists (ci trigger on) 
from the previous add cycle. 

6. Turn off equal/zero trigger if add table digit 
is not a zero. 

Trigger 38. (01.62.38.1). 

1. Read out of memory per PR-2 with either the 
odd or the even sense amplifiers blocked (Read 
Y) , depending on whether the PR-2 address is 
odd or even, to clear the memory location. 

2. Write back PR-2 decremented into PR-2 and 
PR-3. 

3. Turn on carry in trigger if carry out trigger is on. 

4. Set an F bit in mdr if the high /plus trigger is off 
(minus sign) on first multiply cycle. 

5. Clear the F bit (carry) after first multiply cycle. 

6. Write into memory per PR-2 from mbr. 



Trigger 39. (01.62.39.1). 

1. Read out of memory per PR-3 (product area) 
and store the digit in mdr. 

2. Write back PR-3 bypassed. 

Trigger 40. (01.62.40.1). 

1. Develop and set add table address in mar, trans- 
ferring the digit in the units position of the digit/ 
branch register into the units position of mar and 
the digit in mdr into the tens position of mar. 

2. Read out of memory per add table address and 
store the sum digit in mdr. 

3. Turn on carry out trigger if mdr contains an F 
bit (carry) . 

4. Turn on carry out trigger if the output of the t/c 
switch is a "9" and a carry exists (ci trigger on) 
from the previous add cycle. 

5. Turn off equal/zero trigger if the add table digit 
is not a zero. 

Trigger 41. (01.62.41.1). 

1. Read out of memory per PR-3 with either the 
odd or the even sense amplifiers blocked (Read Y), 
depending on whether the PR-3 address is odd or 
even, to clear the memory location. 

2. Write back PR-3 decremented. 

3. Turn on carry in trigger if carry out trigger is on. 

4. Clear the F bit (carry) after first multiply cycle 
unless an F bit is being set for field definition. 

5. Set an F bit in mdr for field definition when field 
mark No. 1 and field mark No, 2 have been 
reached and there is no carry out. 

6. Write into memory per PR-3 from mbr. 

7. Turn on trigger 34 if there is not a carry out and 
field mark No. 2 has not been reached. 

8. Turn on trigger 19 if there is a carry out or field 
mark No. 2 has been reached. 

Trigger 19. (01.60.49.1). 

1. Turn ON trigger 33 if field mark No. 1 has not 
been reached, and the carry out trigger is off. 

2. Turn on trigger 39 if the carry out trigger is on. 

3. Enter I-cycle for the next instruction if the carry 
out trigger is off and field mark No. 1 has been 
reached. 

Multiply Immediate (Code 13 — MM) 

The sequence block diagram for this operation is 
shown in Figure 10-16. The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
pages 15, 17, and 19. 
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Figure 10-19. Set MAR Multiply Table Address 



Objective 

Multiply the field at the P address (OR-2) by the field 
whose units position is the Qu digit of the multiply 
immediate instruction, and store the algebraic product 
at location 00099 and successively lower memory lo- 
cations. 

Functions 

The multiply immediate operation differs from the 
Multiply - Code 23 operation only in the method of 
setting the multiplier address in OR-1 during the 
I-cycle. See Multiply - Code 23. 

Auxiliary Triggers 

See Multiply - Code 23. 

E-Timer Triggers 

See Multiply - Code 23. 

Load Dividend (Code 28 — LD) 

The sequence block diagram for this operation is 
shown in Figure 10-20. The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
page 20. 



Objectives 

1. Transfer the dividend field, including the F bit 
for field definition, at the Q address (OR-1) to 
the memory location in the product area desig- 
nated by the P address (OR-2) and successively 
lower memory locations. 

2. Set an F bit at memory location 00099 if the 
dividend is negative. 

Functions 

The address of the dividend field is specified by OR-1 . 
The memory location within the product area into 
which the units digit of the dividend field is to be 
placed is specified by OR-2. 

The 20 positions in memory designated as product 
area (00080 - 00099) are cleared to zeros before trans- 
mission of the dividend field begins. 

Transmission of the Q field (dividend) to the 
product area proceeds serially from right to left until 
terminated by the flag bit which marks the high-order 
position of the Q field. This high-order position flag 
bit for field definition is duplicated in the product 
area field. The flag bit which marks the units position 
of a negative dividend field is cleared before the units 
digit is placed in memory at the P address. 
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After transmission of the dividend into the product 
area is complete, a flag bit is placed in memory loca- 
tion 00099 if the dividend field is negative. 

Auxiliary Trigger Status 

Decrement Trigger. (01.60.05.1). 

1. Turned off (increment) by I-cycle entry. 

2. Turned on (decrement) by trigger 26. 

3. Remains on for remainder of load dividend oper- 
ation. 

First Cycle Trigger. (01.63.10.1) . 

1 . Turned on by trigger 32. 

2. Turned off during trigger 27 time on first trans- 
mit cycle. 

Cycle Control Trigger. (01.62.31.1) . 

1. Turned on during trigger 32 time when the ad- 
dress in MAR reaches 00096 to terminate the 
product area clearing operation. 

2. Turned off by trigger 27. 

Field Mark No. 1 Trigger. (01.63.30.1) . 

1. Reset OFF by the I-cycle trigger and therefore will 
be OFF when E-cycle is entered. 

2. Turned on during trigger 26 time on the trans- 
mit cycle in which end of Q field (OR-1) is 
reached. 

Dividend and Remainder Sign Trigger. (01.65.06.1) . 

1 . Reset OFF by the I-cycle trigger and therefore will 
be OFF when E-cycle is entered. 

2. Turned on by trigger 27 during the first transmit 
cycle if the Q field (dividend) is negative. 

E-Timer Trigger Objectives 

Trigger 32. (01.62.30.1) . 

1. Turn ON first cycle trigger. 

2. Turn on high /plus trigger. 

3. Set 00080 in mar on first memory cycle. 

4. Read but of memory per 00080, with both the 
even and odd sense amplifiers blocked (Block 
Memory SA) , to clear product area memory loca- 
tions 00080 and 00081. 

5. Write into PR-1 the mar address (00080) in- 
cremented plus 2. 

6. Set C bits into MBR-even and MBR-odd to provide 
zeros for the product area. 

7. Write into memory per mar address (00080) 
from mbr. 

Trigger 32 remains on for a total of ten memory 
cycles during which time the 20 memory locations 
designated as product area (00080-00099) are set 
to zero. Memory locations per PR-1 are cleared two 
per memory cycle by incrementing plus 2 until 00096 



and 00097 have been set to zero and 00098 written 
into PR-1. The cycle control trigger is turned on 
during the cycle in which 00096 is in mar and 00098 
is written back into PR-1. On the tenth memory 
cycle, with the cycle control trigger on^ 00098 is 
read into mar from PR-1 and memory locations 
00098 and 00099 are set to zero. The mar address 
(00098) is written back into PR-1 incremented plus 
one. PR-1 then contains 00099, which designates the 
location of the units position of the product area in 
memory. 

Trigger 26. (01.60.56.1). 

1 . Turn on decrement trigger (decrement) . 

2. Read out of memory per OR-1 and store the digit 
in mdr. 

3. Write back OR-1 decremented. 

4. Turn on field mark No. 1 trigger when the high- 
order digit of the Q field is read out of memory. 

Trigger 27. (01.60.57.1). 

1 . Block reset of mdr (Read Y) . 

2. Read out of memory per OR-2 with either the 
odd or even sense amplifiers blocked (Read Y) , 
depending on whether the OR-2 address is odd 
or even, to clear the memory location. 

3. Write back OR-2 decremented. 

4. Transfer mdr to mbr. 

5. Write into memory per OR-2 from mbr. 

6. Turn the dividend and remainder sign trigger on 
if the Q field (dividend) is negative. 

7. Clear the F bit from the units digit of a negative 
dividend before placing the digit in memory at 
the P address. 

(Repeat trigger 26 objectives 2 and 3, followed by 
trigger 27 objectives 1, 2, 3, 4, and 5 for each digit 
of the field.) 

8. Turn on trigger 28 when all digits of the divi- 
dend have been transferred. 

Trigger 28. (01.60.58.1). 

1. Read out of memory per PR-1 and store the digit 
in mdr. (PR-1 contains 00099, the address of the 
units position of the product area, as a result of 
trigger 32 functions.) 

2. Write from mar into OR-2 bypassed. 

Trigger 29. (01.60.59.1) . 

1. Block reset of mar. 

2. Block reset of mdr (Read Y) . 

3. Read out of memory per mar (OR-2) with either 
the odd or even sense amplifiers blocked (Read Y) 
depending on whether the mar (OR-2) address 
is odd or even, to clear the memory location. 

4. Transfer MDR to mbr. 
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5. Set an F bit in mdr if the dividend and remainder 
sign trigger is on. 

6. Write into memory per mar (OR-2) from mbr. 

7. End operation and enter I-cycle for the next in- 
struction in sequence. 

Load Dividend Immediate (Code 18 — LDM) 

The sequence block diagram for this operation is 
shown in Figure 10-20, The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
page 20. 

Objectives 

1. Transfer the field (dividend) whose units posi- 
tion is the Qii digit of the load dividend immedi- 
ate instruction to the memory location in the 
product area designated by the P address (OR-2) 
and successively lower memory locations. 

2. Set an F bit at memory location 00099 if the 
dividend is negative. 

Functions 

The load dividend immediate operation differs from 
the Load Dividend - Code 28 operation only in the 
method of setting the dividend address in OR-1 dur- 
ing the I-cycle. See Load Dividend - Code 28. 

Auxiliary Triggers 

See Load Dividend - Code 28. 

E-Timer Triggers 

See Load Dividend - Code 28. 



Divide (Code 29 -^D) 

The sequence block diagram for this operation is 
shown in Figures 10-21, 10-22, 10-23, and 10-24. The 
function chart for this operation is shown in the In- 
structional System Diagrams, pages 23 and 25. 

Objectives 

1. Divide the field which was placed in the product 
area during the load dividend operation by the 
field at the Q address (OR-1) . 

2. Store the quotient and the remainder with their 
respective signs in the product area to replace 
the dividend. 

Functions 

The location of the divisor is specified by OR-1. The 
location of the dividend within the product area is de- 



termined by the preceding load dividend operation. 
Minimum field length for either the divisor or divi- 
dend is two digits. 

The P address specifies the location at which the first 
subtraction of the divisor is to occur. This P address 
must be such that the first quotient digit developed 
is 9 or less. If this condition is not met, or divide by 
zero is attempted, the overflow indicator is turned on, 
the divide operation is terminated, and the computer 
enters I-cycle for the next instruction in sequence. Sub- 
sequent quotient digits are developed by successively 
subtracting the divisor from the dividend one memory 
location to the right of the previous successive sub- 
traction. 

The first quotient digit is stored in the product area 
as many positions to the left of the P address as there 
are digits in the divisor. Each subsequent quotient 
digit is stored to the right of the last quotient digit. 
The quotient field is defined by storing a flag bit with 
the first quotient digit developed. 

The low-order digit of the quotient is located as 
many positions to the left of 00099 as there are digits 
in the divisor. A flag bit is stored with the low-order 
digit if the quotient is negative. 

The low-order digit of the remainder is located at 
00099 and is given the sign of the dividend. The re- 
mainder field is equal in length to the divisor and is 
defined by storing a flag bit with the high-order digit. 

The divide operation is terminated when a quotient 
digit is stored as a result of the divide cycle in which 
the units position of the divisor is subtracted from lo- 
cation 00099. 

See chart of trigger objectives and sequence. Fig- 
ure 10-25. 

Resulting Indicator Conditions 

1. The high/plus indicator is on if the quotient is 
positive and is off if the quotient is negative 
or zero. 

2. The equal/zero indicator is on if the quotient is 
zero and is off if the quotient is not zero. 

3. The overflow indicator is on if the first quotient 
digit developed was greater than 9 or if divide by 
zero was attempted. If the overflow indicator is on 
as a result of a previous arithmetic operation, a 
no overflow condition of this divide instruction 
will not turn it off. 

Note: Once the high/plus or equal/zero indicators are 
turned on or off by an arithmetic or compare oper- 
ation, they will retain that state until the next arith- 
metic or compare operation is executed (unless the 
reset key on the console is depressed which turns these 
indicators off) . Testing them with a branch indicator 
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or branch no indicator instruction has no effect on 
their state. The overflow indicator will be turned off 
only by testing it with a branch indicator or branch no 
indicator instruction (or by depressing the reset key 
on the console) . 

Auxiliary Trigger Status 

Divide Add Trigger. (01.65.04.1). 

1. Turned off by the I-cycle trigger and therefore 
will be OFF when E-cycle is entered. With the 
divide add trigger off, complement addition 
(subtraction) is performed. One subtraction of 
the entire divisor from the dividend is termed a 
"divide subtract cycle". Subtraction of one digit 
of the divisor from the dividend is termed a "sub- 
tract cycle". 

2. Turned on by trigger 44 after a no carry out on a 
divide subtract cycle. (No carry out occurs on a 
divide subtract cycle when the portion of the 
dividend from which the divisor is subtracted is 
numerically less than the divisor.) With the 
divide add trigger oN;, true addition is performed. 
One addition of the entire divisor to the dividend 
is termed a "divide add cycle". Addition of one 
digit of the divisor to the dividend is termed an 
"add cycle". 

First Divide Cycle Trigger. (01.65.02.1) . 

1, Turned on by the E-cycle entry trigger during 
trigger 8 time of the I-cycle. 

2. Turned off by trigger 43 after entry of first 
(high-order) quotient digit into memory. A 
"divide cycle" consists of one or more divide sub- 
tract cycles and one divide add cycle.) See Chart 
of Divide Operation, Figure 10-26. 

Decrement Trigger. (01.60.05.1). 

1. Turned on (decrement) during trigger 8 time of 
the preceding I-cycle. 

2. Turned off (increment) by trigger 43 to shift 
subtraction of the divisor one position to the 
right. (Remains off only during trigger 43 time.) 

3. Turned on by trigger 44. 

First Cycle Trigger. (01.63.10.n . 
For first divide subtract cycle: 

1. Turned on when E-cycle is entered. 

2. Turned off at the end of trigger 14 time of the 
first subtract cycle. 

For subsequent divide subtract cycles: 

3. Turned on by trigger 45. 

4. Turned off at the end of trigger 14 time of the 
first subtract cycle. 



For divide add cycles: 

5. Turned on by trigger 45. 

6. Turned off at the end of trigger 14 time of the 
first add cycle. 

High /Plus Trigger. (0 1 .60.40. 1 ) . 

1. Turned on when E-cycle is entered. 

2. Turned off during trigger 12 time on the first 
subtract cycle of the last divide cycle if the P 
field (dividend) is negative. 

3. Status changed during trigger 11 time on the 
first add cycle of the last divide cycle if the Q 
field (divisor) is negative. 

Equal/Zero Trigger. (01.60.41.1). 

1. Turned- on when E-cycle is entered. 

2. Turned off during trigger 42 time if the quotient 
is not zero. 

True /Complement (T/C) Trigger. (01.63.20.1). 

1. Turned on by trigger 1 of the I-cycle and there- 
fore will be on when E-cycle is entered. 

Divide subtract cycles: 

2. Turned off by trigger 1 1 . 
Divide add cycles: 

3. Turned on by trigger II. 

Field Mark No. 1 Trigger. (01.63.30.1) . 

1. Reset off by the I-cycle trigger and therefore will 
be off when E-cycle is entered. 

2. Turned on during trigger 1 1 time of each divide 
subtract and divide add cycle when end of Q field 
(divisor) is reached. 

3. Reset off by trigger 45 between each divide sub- 
tract and divide add cycle. 

Field Mark No. 2 Trigger. (01.63.30.1) . 

1. Reset OFF by the I-cycle trigger and therefore will 
be OFF when E-cycle is entered. 

2. Reset off by trigger 45 between each divide sub- 
tract and divide add cycle. 

Divide subtract cycles: 

3. Turned on by trigger 21. 

Divide add cycles: 

4. Turned on by trigger 12 on the add cycle in 
which field mark No. I is reached. 

Carry Out Trigger. (01.63.40.1) . 

1. Reset OFF by the I-cycle trigger and therefore will 
be off when E-cycle is entered. 

2. Reset off by triggers 1 1 and 21. 

3. Turned on during trigger 13 time on add and 
subtract cycles where the output of the t/c 
switch is a "9" and the carry in trigger is on. 

4. Turned on during trigger 13 time if the add table 
digit contains an F bit (carry) . 
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Carry In Trigger. (01.63.40.1) . 

1 . Reset OFF by the I-cycle trigger and therefore is 
off when E-cycle is entered. 

2. Turned on during trigger 12 time of the first 
subtract cycle of each divide subtract cycle to 
obtain lO's complement in units position. 

3. Reset off during trigger 13 time. 

4. Turned on by trigger 14 if the carry out trigger 
is ON. 

Last Divide Cycle Trigger. (01.65.02.1) . 

1. Turned off by the I-cycle trigger and therefore 
will be off when E-cycle is entered. 

2. Turned on during trigger 44 time when 00099 is 
read from OR-3 into mar. 

Dividend and Remainder Sign Trigger. (01.65.06.1) . 

1. Turned off by I-cycle trigger and therefore will 
be off when E-cycle is entered. 

2. Turned on during trigger 12 time of the first sub- 
tract cycle in the last divide cycle if the dividend 
is negative. (The sign of the dividend was 
stored in memory location 00099 during the load 
dividend operation.) 

Quotient Counter Latches. (01.65.07.1) . 

1. Reset off by trigger 12 for use during trigger 13 
time. 

2. Turned on by trigger 13, depending upon the 
content of the m/q register, to set up logical paths 
for increasing by one the quotient digit stored in 
the m/q register. The increase by one is accom- 
plished during trigger 14 time. 

E-Timer Trigger Objectives 

Trigger J L (01.60.11.1). 

1. Read out of memory per OR-1 and store the digit 
in d/b REG units. 

2. Write back OR-1 decremented. 
Divide subtract cycles: 

3. Turn off t/c trigger. 

4. Turn on field mark No. 1 trigger after the first 
subtract cycle of each divide subtract cycle when 
end of Q field (divisor) is reached. 

Divide add cycles: 

5. Turn on t/c trigger. 

6. Turn on field mark No. 1 trigger after the first 
add cycle of each divide add cycle when end of 
Q field (divisor) is reached. 

7. Change status of high/plus trigger during the first 
add cycle of the last divide cycle if the Q field 
(divisor) is negative. 

Trigger 12. (01.60.12.1). 
1. Read out of memory per OR-2 and store the 
digit in mdr. 



2. Write back OR-2 bypassed. 
Divide subtract cycles: 

3. Turn on the carry in trigger during the first sub- 
tract cycle of each divide subtract cycle to obtain 
lO's complement in units position. 

Divide add cycles: 

4. Turn on field mark No. 2 trigger if field mark 
No. 1 trigger is on. 

5. Turn off high/plus trigger during the first sub- 
tract cycle of the last divide cycle if the dividend 
is negative. (Sign of the dividend was stored in 
00099 during the load dividend operation.) 

6. Turn on dividend and remainder sign trigger 
during the first subtract cycle of the last divide 
cycle, if the dividend is negative, for use in setting 
sign of the remainder. 

7. Reset off the quotient counter latches. 

Trigger 13. (01.60.13.1). 

1. Develop and set add table address in mar. 

2. Read out of memory per add table address and 
store the difference or sum digit in mdr. 

3. Turn on the carry out trigger if mdr contains 
an F bit (carry) . 

4. Reset d/b REG units. (See Trigger 21 Objective 3.) 

5. Turn on the quotient counter latches depending 
upon the content of the m/q register. 

Trigger/^. (01.60.14.1). 

1. Block reset of mdr (Read Y) . 

2. Read out of memory per OR-2 with either the 
odd or the even sense amplifiers blocked (Read 
Y) , depending on whether the OR-2 address is 
odd or even to clear the memory location. 

3. Write back OR-2 decremented. 

4. Turn on carry in trigger if carry out trigger is on. 

5. Clear the F bit if the add table digit contains a 
carry. 

6. Set an F bit in mdr for sign of the remainder dur- 
ing the first add cycle of the last divide cycle if the 
dividend and remainder sign trigger is on. (See 
Trigger 12 Objective 6.) 

7. Set an F bit in mbr for field definition of the re- 
remainder during the add cycle of the last divide 
cycle when field mark No. 2 trigger is on. (See 
Trigger 12 Objective 4.) 

8. Transfer mdr to mbr. 

9. Write into memory per OR-2 from mbr. 

10. Turn trigger 11 on if field mark No. 1 has not 
been reached to repeat the four memory cycles 
(triggers 11, 12, 13, and 14) for the next higher 
order digits. 

11. Increase the digit value of the m/q register by 
one (step quotient) for each divide subtract cycle 
in which a carry out occurs. (A carry out results 



Arithmetic Operations 1 19 



when the portion of the dividend from which the 
divisor is subtracted is numerically larger than the 
divisor.) See Figure 10-27. 

12. Turn on trigger 21 during theh divide subtract 
cycle in which field mark No. 1 is reached. 

13. Turn on trigger 44 at the end of the subtract 
cycle in which trigger 21 turns on field mark 
No. 2 trigger. 

Divide add cycles: 

14. Turn on trigger 42 during the divide add cycle 
in which field mark No. 1 is reached. (See Trig- 
ger 12 Objective 4.) 

Trigger 21. (01.60.31.1). 
Replaces trigger 1 1 for first memory cycle after field 
mark No. 1 has been reached during divide subtract 
cycles. 

1. Block MAR reset to prevent vrc error. 

2. Turn on field mark No. 2 trigger. 

3. Set zero in d/b reg units. This will provide a zero 
in place of the Q field (divisor) digits previously 
set into d/b reg units by trigger 11. (The d/b reg 
units was reset during trigger 13 time.) 

4. Turn on trigger 1 2. 

Trigger 42. (01.65.05.1). 

1. Read out of memory per OR-2 with either the 
odd or the even sense amplifiers blocked (Read 
Y) , depending on whether the OR-2 address is 
odd or even, to clear the memory location. 

2. Allow the reset of mdr. 

3. Transfer quotient digit from the m/q register to 

MDR. 

4. Set an F bit in mdr for field definition of the 
quotient on first divide cycle. 

5. Set an F bit in mdr on the last divide cycle if the 
high/plus trigger is off (minus sign) . 

6. Transfer mdr to mbr (Read Y) . 

7. Write into memory per OR-2 from mbr. 

8. Turn off equal/zero trigger if the quotient digit 
is not zero. 

9. Turn on trigger 43. 

Trigger 45. (01.65.05.1). 

1 . Turn OFF decrement trigger (increment) . 

2. Read OR-3 into MAR. 

3. "Write from mar into OR-3 incremented. 

4. Turn off first divide cycle trigger after entry of 
first (high-order) quotient digit into memory. 

5. Reset the m/q register to zero. 

6. Turn on trigger 44 if the last divide cycle trigger 

is OFF. 

7. End operation and enter I-cycle for the next in- 
struction in sequence if the last divide cycle 
^''•Sgcr is ON. 



Trigger 44. (01.65.03.1). 

1. Read OR-3 into mar. 

2. Write from mar into OR-2 and OR-3 bypassed. 

3. Turn on last divide cycle trigger when 00099 is 
read into mar. 

4. Turn on decrement trigger (decrement) . 

5. Turn on divide add trigger if the carry out trigger 

is OFF. 

6. Turn off divide add trigger if the carry out trigger 

is on. 

7. Turn on trigger 45. 

Trigger 45. (01.65.03.1). 

1. Read PR-1 into mar. 

2. Write from mar into PR-1 and OR-1 bypassed. 

3. Turn on first cycle trigger. 

4. Turn on oyerflow trigger and enter I-cycle for the 
next instruction in sequence if a quotient digit of 
ten was developed. (C, 8, and 2 bits in m/q reg- 
ister.) 

5. Turn on trigger 11 if an overflow condition was 
not developed (C, 8, and 2 bits in m/q register) 
during the previous trigger 14 time. 

Divide Immediate (Code 1 9 — DM) 

The sequence block diagram for this operation is 
shown in Figures 10-21, 10-22, 10-23, and 10-24. The 
function chart for this operation is shown in the 
Instructional System Diagrams, pages 23 and 25. 

Objectives 

1. Divide the field which was placed in the product 
area during the load dividend operation by the 
field whose units position is the Qn digit of the 
divide immediate instruction. 

2. Store the quotient and the remainder with their 
respective signs in the product area, replacing the 
dividend. 

Functions 

The divide immediate operation differs from the 
Divide - Code 29 operation only in the method of set- 
ting the divisor address in OR-1 during the I-cycle. 
See Divide - Code 29. 

Auxiliary Triggers 

See Divide - Code 29. 

E-Timer Triggers 

See Divide - Code 29. 
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Figure 10-27. Quotient Counter 



Section 1 1 Branch Operations 



Branch instructions are used in a program to permit 
alteration of the sequential execution of the program. 
These instructions may be classified into two categories 
as follows: 

1. Unconditional branch instructions: 

a. Branch 

b. Branch and transmit 

c. Branch back 

2. Conditional branch instructions: 

a. Branch on digit 

b. Branch no flag 

c. Branch no record mark 

d. Branch indicator 

e. Branch no indicator 

Unconditional branch instructions always alter the 
sequential execution of a program when they are exe- 
cuted. Whether branching occurs as a result of con- 
ditional branch instructions is dependent upon the 
status of a sense switch on the console or an indicator 
within the computer. 

The P address in every branch instruction must be 
even because it designates the address of another in- 
struction. 

Function charts for 1620 operation codes are located 
in the ibm Customer Engineering Instructional System 
Diagrams, 1620 Data Processing System (Form No. 
227-5631) . 

Branch (Code 49 — B) 

The sequence block diagram for this operation is 
shown in Figure 1 1-1. The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
page 26. 

Objective 

Branch (unconditionally) to the instruction at the P 
address (OR-2) . 
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Figure 11-1. Branch— Code 49 



Functions 

The content of OR-2 is placed in IR-1. The address 
of the next instruction to be executed is then specified 
by IR-l. 

The Q address of this instruction is placed in OR-1 
but is not used in the execution of this operation. 

Auxiliary Triggers 

None are used. 

E-Timer Trigger Objectives 

Trigger 18. (01.60.48.1). 

1. Read OR-2 into MAR. 

2. Write from mar into IR-1 bypassed. 

Trigger 19. (01.60.49.1). 
(Dummy E Timer) 

1. Block MAR reset to prevent vrc error. 

2. End operation and enter I-cycle for the instruc- 
tion at the P address of the branch instruction 
(now stored in IR-1) . 

Branch and Transmit (Code 27 — BT) 

The sequence block diagram for this operation is 
shown in Figure 11-2. The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
page 27. 

Objective 

1. Save the address of the next instruction in se- 
quence. Execution of the next branch back in- 
struction directs the computer to resume the pro- 
gram beginning with the instruction at the saved 
address. 

2. Transmit the field at the Q address (OR-1) to 
the memory location designated by the P address 
minus one and successively lower memory loca- 
tions. 

3. Branch to the instruction at the P address. 
Functions 

The address of the next instruction in sequence is 
saved by storing the IR-1 address in IR-2. 

The P address (OR-2) is transferred into IR-1 so 
that when the computer enters the next I-cycle it will 
execute the instruction at the P address. 



722 



E Entry Advance 



Deer 




Deer 


Op 



15 



Ist 
Cycle 



16 



26 



ON 



E Cycle Adv 



Not Code 
28/18 



27 



Ist 
Cycle 



OFF 



* ^Code 27/17 

K 

^Not E Cycle Ent 



26 




27 








1 





Fid 
Mk 1 



Figure 1 1-2. Branch and Transmit— Code 27/17 
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Transmission of the Q field proceeds serially, one 
digit at a time, from low-order to high-order digit of 
the transmitted field until the operation is terminated 
by a flag bit (field mark No. 1) in the high-order 
position of the transmitted field. The flag bits in the 
high-order and units position of the transmitted field 
are duplicated in the field at P minus one. The digits 
in the field at P minus one prior to transmission are 
obliterated, including their flag bits, if any. When 
transmission is completed, enter I-cycle for the instruc- 
tion at the P address now stored in IR-1. 

Auxiliary Trigger Status 

First Cycle Trigger. (01.63.10.1) . 

1. Turned on by trigger 15. 

2. Turned off by trigger 27 on first transmit cycle. 

Decrement Trigger. (01.60.05.1). 

1. Turned on (decrement) during trigger 8 time of 
the preceding I-cycle. 

2. Remains on until the next I-cycle is entered. 

Field Mark No. 1 Trigger. (01.63.30.1) . 

1. Reset OFF by the 1-cycle trigger and therefore will 
be OFF when E-cycle is entered. 

2. Cannot be turned on during first transmit cycle. 
(Q Field must be a minimum of two digits.) 

3. Turned on during trigger 26 time of the transmit 
cycle in which the high-order digit of the Q field 
is read out of memory. 



E-Timer Trigger Objectives 

Trigger 15. (01.60.45.1). 

1. Read IR-1 into MAR. 

2. Write from mar into IR-2 bypassed. 

Trigger 16. (01.60.45.1). 

1. Read OR-2 into mar. 

2. Write from mar into IR-1 bypassed. 

3. Write from mar into OR-2 decremented (P ad- 
dress minus one) . 

Trigger 26. (01.60.56.1). 

1. Read out of memory per OR-1 and store the digit 
in mdr. 

2. Write back OR-1 decremented. 

Trigger 27. (01.60.57.1). 

1 . Block reset of mdr (Read Y) . 

2. Read out of memory per OR-2 with either the 
odd or even sense amplifiers blocked (Read Y) , 
depending on whether the OR-2 address is odd 
or even, to clear the memory location. 

3. Write back OR-2 decremented. 

4. Transfer mdr to mbr. 

5. Write into memory per OR-2 from mbr. 
(Repeat trigger 26 and trigger 27 Objectives 1, 2, 
3, 4, and 5 for each digit of the field.) 
End operation when all digits of the field have 
been transferred and enter I-cycle for the instruc- 
tion at the P address of the branch and transmit 
instruction (now stored in IR-1) . 



6. 
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Branch and Transmit Immediate 
(Code 17 — BTM) 

The sequence block diagram for this operation is 
shown in Figure 11-2. The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
page 27, 

Objectives 

1. Save the address of the next instruction in se- 
quence for use with the next branch back in- 
struction. 

2. Transmit the field whose units position is the 

Qii digit of the branch and transmit (immediate) 
instruction to the memory location designated by 
the P address minus one and successively lower 
memory locations. 

3. Branch to the instruction at the P address. 

Functions 

The branch and transmit immediate operation dif- 
fers from the Branch and Transmit — Code 27 opera- 
tion only in the method of setting the OR-1 address 
during the I-cycle. See Branch and Transmit — Code 
27. 

Auxiliary Triggers 

See Branch and Transmit — Code 27. 



E-Timer Triggers 

See Branch and Transmit 



Code 27. 



Branch Back (Code 42 — BB) 

The sequence block diagram for this operation is 

shown in Figure 11-3. The function chart for this opera- 
tion is shown in the Instructional System Diagrams, 
page 28, 

Objectives 

1. Interrogate the status of the save control trigger. 

2. If the save control trigger is on, proceed to the 
instruction at the address designated by PR-1, 
(Address was saved by storing it in PR-1 due to 
a previous depression of the save key,) 

3. If the save control trigger is off, proceed to the 
instruction at the address designated by IR-2. 
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Figure 11-3. Branch Back— Code 42 
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(Address was saved by storing it in IR-2 when 
the last branch and transmit or branch and 
transmit immediate instruction was executed.) 

Functions 

The address in PR-1 or IR-2, depending upon the 
status of the save control trigger, is transferred to IR-1. 

Auxiliary Trigger Status 

Save Control Trigger. (01.06.15.1), 

1, Reset OFF by manual reset. 

2, Turned on by depressing the save key on the 
console. 

3, Turned off when status is interrogated by a 
branch back operation, 

E-Timer Trigger Objectives 

Trigger 18. (01,60,48.1) , 

1, Read either PR-1 or IR-2 into mar, depending 
upon the status of the save control trigger. 

2, Write from mar into IR-1 bypassed. 

Trigger 19. (01.60.49.1). 
(Dummy E Timer) 

1 , Block MAR reset to prevent vrc error, 

2. End operation and enter I-cycle for the instruc- 
tion at the saved address (now stored in IR-1) , 



Branch On Digit (Code 43 — BD) 

The sequence block diagram for this operation is 
shown in Figure 11-4. The function chart for this opera- 
tion is shown in the Instructional System Diagrams, 
page 29. 

Objectives 

1. Interrogate the single digit located at the Q ad- 
dress (OR-1). 

2. If the digit is not a zero, branch to the instruc- 
tion at the P address (OR-2) . 

3. If the digit is a zero, proceed to the next instruc- 
tion in sequence (address in IR-1) . 

Functions 

The digit at the Q address per OR-1 is read out of 
memory to mdr and is interrogated by the digit trig- 
ger. The digit/RM trigger will be turned on by a digit 
other than zero. 

If the digit is zero (digit/RM trigger off) , the com- 
puter proceeds to the next instruction in sequence. 

If the digit is not a zero (digit/RM trigger on) , the 
address in OR-2 is transferred into IR-1 and I-cycle is 
entered for the instruction at the P address (now in 
IR-1) . 
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Figure 1 1 -4. Branch On Digit— Code 43 



Auxiliary Trigger Status 

Digit /km Trigger. (01.63.30.1) 

1 . Turned off by I-cycle trigger and therefore is off 
when E-cycle is entered. 

2. Turned on by a digit other than zero in mdr dur- 
ing trigger 28 time. 

E-Timer Trigger Objectives 

Triggers 28 and 29 are used. Triggers 18 and 19 are 
also used if the digit is not zero. 

Trigger 28. (01.60.58.1). 

1. Read out of memory per OR-1 and store the 
the digit in mdr. 

2. Turn on the digit/RM trigger if the digit in mdr is 
not a zero. 

Trigger 29. (01.60.59.1). 

1. Interrogate status of digit/RM trigger. (If on, pro- 
ceed to trigger 18. If off, end operation and enter 
I-cycle for the next instruction in sequence.) 



Trigger 18. (01.60.48.1). 

1. Read OR-2 into mar. 

2. Write from mar into IR-1 bypassed. 

Trigger 19. (01.60.49.1). 
(Dummy E Timer) 

1 . Block MAR reset to prevent vrc error. 

2. End operation and enter I-cycle for the instruc- 
tion at the P address of the branch on digit in- 
struction (now stored in IR-1) . 

Branch No Flag (Code 44 — BNF) 

The sequence block diagram for this operation is 
shown in Figure 11-5. The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
page 30. 

Objectives 

1. Interrogate the single memory position design- 
ated by the Q address (OR-1) for the presence 
of a flag bit. 
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Figure 11-5. Branch No Flag— Code 44 
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2. If a fla§ bit is not present, branch to the instruc- 
tion at the P address (OR-2) . 

3. If a flag bit is present, proceed to the next in- 
struction in sequence (address in IR-1) . 

Functions 

The memory location designated by OR-I is read out 
to MDR and is interrogated for the presence of a flag 
bit. The field mark No. I trigger will be turned on if 
a flag bit is present. 

If a flag bit is present (field mark No. 1 on) , the 
computer proceeds to the next instruction in sequence. 

If a flag bit is not present (field mark No. 1 off) , 
the address in OR-2 is transferred into IR-1 and 
I-cycle is entered for the instruction at the P address 
(now in IR-1) . 

Auxiliary Trigger Status 

Field Mark No. 1. (01.63.30.1). 

1. Turned off by I-cycle trigger and therefore will 
be OFF when E-cycle in entered. 

2. Turned on during trigger 28 time by the presence 
of an F bit in mdr. 

E-Timer Trigger Objectives 

Triggers 28 and 29 are used. Triggers 18 and 19 are also 
used if a flag bit is not present. 

Trigger 28. (01.60.58.1). 

1. Read out of memory per OR-1 and store the digit 

in MDR. 

2. Turn field mark No. 1 trigger on if an F bit is 
present in mdr. 

Trigger 29. (01.60.59.1) . 
1. Interrogate the status of field mark No. 1 trigger. 



(If OFF, proceed to trigger 18. If on, end opera- 
tion and enter I-cycle for the next instruction 
in sequence.) 

Trigger 18. (01.60.48.1). 

1. Read OR-2 into mar. 

2. Write from mar into IR-1 bypassed. 

Trigger 19. (01.60.49.1). 
(Dummy E Timer) 

1. Block MAR reset to prevent vrc error. 

2. End operation and enter I-cycle for the instruc- 
tion at the P address of the branch no flag instruc- 
tion (now stored in IR-1) . 

Branch No Record Mark (Code 45 — BNR) 

The sequence block diagram for this operation is 
shown in Figure 11-6. The function chart for this opera- 
tion is shown in the Instructional System Diagrams, 
page 31. 

Objectives 

1 . Interrogate the single memory position designated 
by the Q address (OR-1) for the presence of a 
record mark character. 

2. If a record mark character is not present, branch 
to the instruction at the P address (OR-2) . 

3. If a record mark character is present, proceed to 
the next instruction in sequence (address in 
IR-1) . 

Functions 

The memory location designated by OR-1 is read out 
to MDR and is interrogated for the presence of a record 
mark (C-8-2) . The digit/RM trigger will be turned on 
if a record mark is present. 
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Figure 1 1 -6. Branch No Record Mark— Code 45 
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I£ a record mark is present . (digit/RM trigger on) , 
the computer proceeds to the next instruction in se- 
quence. 

If a record mark is present (digit/RM trigger on) , 
the address in OR-2 is transferred into IR-1 and I-cycle 
is entered for the instruction at the P address (now 
in lR-1). 

Auxiliary Trigger Status 

Digit/RM. (01.63.50.1). 

1. Turned off by I-cycle trigger and therefore will 
be OFF when E-cycle is entered. 

2. Turned on during trigger 28 time by the presence 
of a record mark (C, 8, 2) in mdr. 

E-Tlmer Trigger Objectives 

Triggers 28 and 29 are used. Triggers 18 and 19 are 
also used if a record mark is not present. 

Trigger 28. (01.60.58.1) 

1 . Read out of memory per OR-1 and store the digit 
in MDR. 

2. Turn on the digit/RM trigger if a record mark is 
present in mdr. 

Trigger 29. (01.60.59.1). 

1. Interrogate the status of the digit/RM trigger. 
(If OFF, proceed to trigger 18. If on, end opera- 
tion and enter I-cycle for the next instruction 
in sequence.) 

Trigger 18. (01.60.48.1). 

1. Read OR-2 into mar. 

2. Write from mar into IR-1 bypassed. 



Trigger 19. (01.60.49.1). 
(Dummy E Timer) 

1 . Block MAR reset to prevent vrc error. 

2. End operation and enter I-cycle for the instruc- 
tion at the P address of the branch no record mark 
instruction (now stored in IR-1) . 

Branch Indicator (Code 46 — Bl) 

The sequence block diagram for this operation is 
shown in Figure 1 1-7. Function charts for this operation 
are shown in Figures 11-9, 11-10, 11-11 and in the In- 
structional System Diagrams, page 32. 

Objectives 

1 . Interrogate the status of the indicator or program 
switch designated by the and Q„ digits of the 
instruction. 

2. If the indicator or program switch is on, branch 
to the instruction at the P address (OR-2) . 

3. If the indicator or program switch is off, proceed 
to the next instruction in sequence (address in 
IR-1) . 

Functions 

During trigger 6 time of the I-cycle, the Qg and Qg 
digits of the instruction are placed in the digit/ 
branch register where they are decoded to determine 
which indicator or program switch is to be interro- 
gated. Examination of the status of the particular in- 
dicator or program switch is conducted during trigger 
7 time to determine whether it is on or off. The 
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Figure 11-7. Branch Indicator— Code 46 
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Figure 11-8. Branch No Indicator— Code 47 
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branch test trigger will be turned on if the indicator 
or program switch is on. 

If the branch test trigger is on, the address in OR-2 
is transferred into IR-1 and I-cycle is entered for the 
instruction at the P address (now in IR-1) . 

If the branch test trigger is off, the computer pro- 
ceeds to the next instruction in sequence. 

The codes which appear in the Qg and Qg digits 
of this instruction for interrogation of program 
switches and indicators are assigned as follows: 

01 — Program switch 1 

02 — Program switch 2 

03 — Program switch 3 
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Figure 11-11. Branch Indicator— Branch No Indicator— MBR 
VRC Trgs Indicator Codes 16-17 



12 — Equal/zero indicator 

13 — High/plus or equal/zero indicator 

14 — Overflow indicator 

* 1 6 — MBR-even check indicator 

* 17 — MBR-odd check indicator 

19 — ANY data check indicator line 

All indicators, except the high/plus, equal/zero, and 
the "any" line, are turned off, if on, when interro- 
gated by this instruction. Interrogation of a program 
switch has no effect upon its state, since the program 
switches are set manually at the console. 

Interrogation of the high /plus indicator or the 
equal/zero indicator has no effect upon its state; they 
are automatically turned on only at the start of arith- 
metic and compare operations. 

Interrogation of "any" data check indicator line has 
no effect upon its state. The "any" data check indi- 
cator line is on when one or more of the four data 
check indicators (read, write, MBR-even, and MBR-odd) 
is ON, and off when all four of the data check indi- 
cators are off. 

Auxiliary Trigger Status 

Branch Test Trigger. (01.25.35.1) 

1 . Turned off during I-cycle by trigger 2. 

2. Turned on during trigger 7 time of the I-cycle if 
the indicator or program switch that is designated 
for interrogation is on. 

E-Timer Trigger Objectives 

Triggers 18 and 19 are used if a branch occurs. Only 
I-cycle triggers are used if no branch occurs. 
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Trigger 18. (01.60.48.1) 

1. Read OR-2 into mar. 

2. Write from mar into IR-1 bypassed. 

Trigger 19. (01.60.49.1). 
(Dummy E Timer) 

1. Block MAR reset to prevent vrc error, 

2. End operation and enter I-cycle for the instruc- 
tion at the P address of the branch indicator in- 
struction (now stored in IR-1) . 



Branch No Indicator (Code 47 — BNI) 

The sequence block diagram for this operation is 
shown in Figure 11-8. Function charts for this operation 
are shown in Figures 11-9, 11-10, 11-11 and in the In- 
structional System Diagrams, page 32. 

Objectives 

1. Interrogate the status of the indicator or pro- 
gram switch designated by the Qk and Qg digits 
of the instruction. 

2. If the indicator or program switch is off, branch 
to the instruction at the P address (OR-2) . 

3. If the indicator or program switch is on, pro- 
ceed to the next instruction in sequence (address 
in IR-1) . 

Functions 

During trigger 6 time of the l-cycle, the Qg and 
digits of the instruction are placed in the digit/branch 
register where they are decoded to determine which 
indicator or program switch is to be interrogated. Ex- 
amination of the status of the particular indicator or 
program switch is conducted during trigger 7 time to 
determine whether it is off or on. The branch test 
trigger will be turned on if the indicator or program 
switch is ON. 

If the branch test trigger is off, the address in OR-2 
is transferred into IR-1 and I-cycle is entered for the 
instruction at the P address (now in IR-1) . 

The branch test trigger is on, the computer pro- 
ceeds to the next instruction in sequence. 

The codes which appear in the Qr and Qg digits of 
this instruction for interrogation of program switches 
and indicators are assigned as follows: 

01 — Program switch 1 

02 — Program switch 2 

03 — Program switch 3 
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04 — Program switch 4 

* 06 — Read check indicator 

* 07— Write check indicator 

08 — MAR check indicator (for CE use only) 

09 — Last card indicator 

11 — High/plus indicator 

12 — Equal/zero indicator 

13 — High /plus and equal/zero indicators 

14 — Overflow indicator 

* 16 — MBR-even check indicator 

* 17 — MBR-odd check indicator 

19 — ANY data check indicator line 

All indicators, except the high/plus, equal/zero, and 
the ANY line, if on are turned off when interrogated 
by this instruction. Interrogation of a program switch 
has no effect upon its state, since the program switches 
are set manually at the console. 

Interrogation of the high/plus indicator or the 
equal/zero indicator has no effect upon its state; they 
are automatically reset off only at the start of arithme- 
tic and compare operations. 

Interrogation of the any data check indicator line 
has no effect upon its state. The any data check in- 
dicator line is on when one or more of the four data 
check indicators (read, write, MBR-even, and MBR-odd) 
is on, and off when all four of the data check indi- 
cators are off. 

Auxiliary Trigger Status 

Branch Test Trigger. (01.25.35.1) 

1 . Turned off during I-cycle by trigger 2. 

2. Turned on during trigger 7 time of the I-cycle 
if the indicator or program switch that is desig- 
nated for interrogation is on. 

E-Timer Trigger Objectives 

Triggers 18 and 19 are used if a branch occurs. Only 
I-cycle triggers are used if no branch occurs. 

Trigger 18. (01.60.48.1). 

1 . Read OR-2 into mar. 

2. Write from mar into IR-1 bypassed. 

Trigger 19. (01.60.49.1). 
(Dummy E Timer) 

1. Block mar reset to prevent vrc error. 

2. End operation and enter I-cycle for the instruc- 
tion at the P address of the branch no indicator 
instruction (now stored in IR-1) . 



* Will cause 19 to be on. 
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Set Flag (Code 32 — SFj 

The sequence block diagram for this operation is 
shown in Figure 12-1. The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
page 33. 

Objective 

Place a flag bit in the memory location designated by 
the P address (OR-2) . 

Functions 

Two memory cycles are required as follows: 

1. The content of the location in which a flag bit 
is to be stored is read from memory per OR-2 and 
stored in mdr. 

2. Reset of mdr is blocked (Read Y) . The content 
of the same memory location is again read out. 
The Read Y condition blocks odd or even sense 
amplifiers per OR-2 address to prevent entry into 
MBR, and clear the memory location. 

The MDR F bit trigger is turned on (if off) . The 
contents of mdr are transferred to mbr as a func- 
tion of Read Y. If a C bit is present in mdr it will 
be cleared by the C bit corrector between mdr 
and mbr. If no C bit is present in mdr, it will be 
added by the C bit corrector between mdr and 
MBR, The contents of mbr are written into memory 
per OR-2. 

The Q address (OR-1) is not used in this oper- 
ation. 

Auxiliary Triggers 

None are used. 



E-Timer Trigger Objectives 

Trigger 28. (01.60.58.1) 

1. Read out o£ memory per OR-2 and store the digit 
in MDR. 

Trigger 29. (01.60.59.1) 

1 . Block reset of mdr (Read Y) . 

2. Read out of memory per OR-2 with either the 
odd or even sense amplifiers blocked (Read Y) , 
depending on whether the OR-2 address is odd 
or even, to clear the memory location. 

3. Set an F bit in mdr. 

4. Transfer mdr to mbr setting or clearing a C bit in 
mbr to maintain odd parity. 

5. Write into memory per OR-2 from mbr. 

6. End operation and enter I-cycle for the next in- 
struction in sequence. 

Clear Flag (Code 33 — CF) 

The sequence block diagram for this operation is 
shown in Figure 12-2. The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
page 33. 

Objective 

Remove the flag bit, if present, from the memory loca- 
tion designated by the P address (OR-2) . 

Functions 

Two memory cycles are required as follows: 

1. The content of the location from which a flag 
bit is to be removed is read from memory per 
OR-2 and stored in mdr. 
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Figure 12-1. Set Flag-Code 32 



Figure 12-2. Clear Flag-Code 33 
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2. Reset of mdr is blocked (Read Y) . The content 
of the same memory location is again read out. 
The Read Y condition blocks the odd or even 
sense amplifiers per OR-2 address to prevent en- 
try into MBR and clear the memory location. The 
MDR F bit trigger is turned off (if on) . The con- 
tents of MDR are transferred to mbr as a function 
of Read Y. If a C bit is present in mdr it will be 
cleared by the C bit corrector between mdr and 
MBR. The contents of mbr are written into memory 
per OR-2. 

The Q address (OR-1) is not used in this opera- 
tion. 

Auxiliary Triggers 

None are used. 

E-Timer Trigger Objectives 

Trigger 28. (01.60.58.1) 

1. Read out of memory per OR-2 and store the digit 
in mdr. 

Trigger 29. (01.60.59.1) 

1 . Block reset of mdr (Read Y) . 

2. Read out of memory per OR-2 with either the 
odd or even sense amplifiers blocked (Read Y) , 
depending on whether the OR-2 address is odd 
or even, to clear the memory location. 

3. Turn off the mdr F bit trigger. 

4. Transfer mdr to mbr setting or clearing a C bit in 
MBR to maintain odd parity. 

5. Write into memory per OR-2 from mbr. 

6. End operation and enter I-cycle for the next in- 
struction in sequence. 

Halt (Code 48 — H) 

The sequence block diagram for this operation is 
shown in Figure 12-3. The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
page 9. 

Objective 

Stop the machine upon completion of the I-cycle of 
this instruction. 
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Function 

The machine stops at the end of I-cycle. The manual 
status light is turned on when the run trigger is turned 
OFF. The automatic status light is turned off when the 
start I trigger is turned off. P and Q addresses are not 
used in this operation. 

Auxiliary Triggers 

None are used. 

E-Timer Triggers 

None are used. This operation is completed by trigger 
8. Refer to I-cycle function chart shown in the Instruc- 
tional System Diagrams, page 9. 

Trigger 8. (01.15.18.1) 

1. Turn OFF start 1 trigger. 

2. Turn off run trigger. 

No Operation (Code 41 — NOP) 

The sequence block diagram for this operation is shown 

in Figure 12-4. The function chart for this operation is 
shown in the Instructional System Diagrams, pzge 9. 

Objective 

Complete the I-cycle of this instruction and proceed 
to the next instruction in sequence (address in IR-1) . 

Functions 

See Objective. The P and Q addresses are not used in 
this operation. 

Auxiliary Triggers 

None are used. 

E-Timer Triggers 

None are used. This operation is completed by trigger 
8. Refer to I-cycle function chart shown in the Instruc- 
tional System Diagrams, page 9. 

Trigger 8. (01.15.18.1) 

1. Enter I-cycle for next instruction in sequence. 
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Figure 12-3. Halt-Code 48 



Figure 12-4. No Operation— Code 41 
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Typewrifer 

The console typewriter for the ium 1620 Computer 
is a modified IBM Bl electric typewriter. For a descrip- 
tion of typewriter features and mechanical operations, 
reference should be made to the CE Manual of Instruc- 
tion for the Bl Electric Typewriter (Modified jar DP 
Equijwu-nt), (Form 223-0653) . 

The typewriter for the 1620 Computer has modi- 
fications not described in the above mentioned manual. 
These modifications are described as follows: 

1. The selector common contact assembly consists 
of two normally open contacts. Figure 13-1. 

2. The modified keyboard arrangement is shown 
in Figure 13-2. 

/BM 7627 Paper Tape Reader 
Purpose 

The IBM 1621 Paper Tape Reader reads 8-channel 
paper tape at a rate of 150 characters per second. The 
1621 uses chad tape only, that is, tape with the holes 
completely punched out. Tape with the holes not com- 
pletely jDunched out is called chadless tape. Three 
modes for reading paper tape are provided; reel feed, 
stri]} feed, and center roll feed. Functionally, the reader 
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has mechanisms for (I) reading, (2) driving the tajje 
past the read head, and (3) turning the tape reels. 

READING M ECH AN ISM 

The head assembly contains eight photocells to sense 
the light that passes through holes punched in paper 
tape as the tape moves over the read head. The photo- 
cell outj)uts are amplified and supjilied to the 1()2() as 
S levels. 

TAPE DRIVING MECHANISM 

A pinwheel, located in the read head assembly, meshes 
with feedholes in the tape and drives the tape from 
right to left under control of a clutch-and-brake. 

REEL DRIX'ING MECHA^'IS^f 

Paper tape is supplied to, and removed from, the head 

by independently controlled tape reels. Reel rotation 
is controlled by the action of buffer arms placed in the 
tape path. 

Component Locations 

MAIN PLATE, FRONT (FIGURE 13-3) . 

Afounted on the front of the main plate are the fol- 
lowing components, all in the tape path. 

The supply reel (on the right) , buffer idler rolls, 
supply buffer arm, read head idler, tape tension bar, 
tape runout bar, read photocells, read head idler, buffer 
idlers, take-up buffer arm, take-up reel, and center roll 
feed motor reversing switch arm. 





Left Tape 
Guide 



Read Head 
Assembly 



\ 

Right 
Tape 
Guide 



Figure 13-3. Main Plate, Front 



The read head assembly is a part of the center plate, 
which supports most of the tape-driving mechanism. 
Below the center plate is the reel power switch. 

MAIN PLATE^ REAR (FIGURE 13-4). 

Mounted on the back of the main plate are the fol- 
lowing (reading clockwise from lower left corner) : 

1 . SMS card gate 

2. Supply buffer arm cam 

3. Supply reel pulley 

4. Center roll feed 
Motor reversing switch 

5. Supply reel motor 

6. Take-up reel motor 

7. Relays R1-R2-R3 

8. Read lamp potentiometer 

9. Brake potentiometer 

10. Clutch potentiometer 

1 1 . Timing disk lamp potentiometer 

12. Take-uj) buller arm cam 



13. Main drive motor 

14. Center plate assembly 

15. Clutch shaft 

REEL-STRIP MODE SWITCH 

A reel-strip mode switch is mounted on the paper 
tape reader and allows the reader to be placed in either 
reel mode or strip mode. 

Miscellaneous Componeyits. System Diagram 02.83. 
00.1 shows the location of relays, edge connectors, and 
terminals. For a brief definition of the major compo- 
nents and their function, refer to the Glossary. 

Mechanical Components 

CLUTCH 

The continuously running main drive motor trans- 
mits motion through a drive belt to a pulley fixed to 
the rear of the clutch shaft, which turns the clutch 
rotor. When the clutch is energized, the armature is 
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1. SMS Card Gate 

2. Supply Buffer-Arm Cam 

3. Supply Reel Pulley 

4. Center Roll Feed 
Motor Reversing Switch 

5. Supply Reel Motor 

6. Takeup Reel Motor 

7. Relays R1-R2-R3 
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Figure 13-4. Main Plate, Rear 



attracted to the rotor and turns with it. The armature, 
in turn, drives the j^inwheel shaft, which moves taj^e 
past the read head (Figure 13-5) . The clutch armature 
can slide, axially, along the splined hub that is fixed 
to the pinwheel shaft. The splined hub provides the 
rotational force when the armature is magnetically 
attracted to, and turning with, the continuously turn- 
ing rotor fixed to the clutch shaft. 

BRAKE 

Simultaneously with clutch de-energi/ation, the elec- 
tromagnetic brake is actuated. This brake is similar 
in operation to the clutch, except that the brake-iotoi 
is stationary, while the armature turns with the j)in- 



wheel shaft. When the brake is actuated, the rotating 

armature is atiracted and sealed to the stationary rotor, 

thus stojjping the pinwheel shaft. 

Nchk: The brake and clutch are never energi/ed 
simultaneously. 

RKAI) HKAl) ASSE.MBI.V 

Pigure 13-6 shows the read head assembly, with the 
taj)e guides open. The read head assembly is a two-sec- 
tion shell that encloses the pinwheel. Mounted in the 
top-left of the assembly are eight silicon photo-duo- 
diodes (read photocells) . These photocells are ener- 
gi/ed, during reading, by collimated light from an in- 
candescent lamp located above the read head. 
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Adjacent to the read head assembly, but not a part 
of it, are the tape tension bar and the tape runout 
bar. These bars operate microswitches located on the 
back of the center plate, and through electrical cir- 
cuits control the operation of the tape reader when 
tape runs out, breaks, or is not properly loaded at the 
read head. 

The tape guide assembly has two functions: (1) to 
hold the tape in mesh with the pinwheel and in con- 
tact with the read head; (2) to actuate the tape guide 
microswitch when the guides are closed. 

The tape guide assembly is divided into two sections: 
the tape guides in front of the center plate, and the 
stop arms to the rear of the center plate. Since an ad- 
justable clevis connects the two arms, both guides and 
stop arms move as a unit. 

TlNriXG DISK (sync DISK) 

Associated with the reading mechanism is the timing 
disk, which is pinned to the pinwheel shaft. The disk 
contains 24 holes around its periphery, these holes cor- 
respond to the 24 pins on the pinwheel and permit 



adjustment of timing pulses generated during reading. 
Figure 13-5 shows the drive shaft assembly with timing 
disk (sync disk) . 

Reel Operation 

PREPARING FOR REEL OPERATION (02.83.70.1) 

To put the reader in reel operation (machine power 
on) : 

1. Set the reel-strip mode switch for reel operation. 

2. Mount the tape reels on their hubs. 

3. Rotate each buffer arm inward until it detents 
(Figure 13-7) . 

4. Thread the tape as shown in Figure 13-7. 
Note: a. The three-hole side of the tape must be 

toward the front. Tape level or channel 
1 is to the front, 
b. There must be no slack in the tape, at the 
read head, when the guides are closed. 

5. Close the tape guide. 

6. Release each buffer arm from its detent positions, 
allowing the buffer-arm rollers to rest on the tape. 
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Figure 13-(). Read Head Asseinl)ly 



7. Depress the reel-power switch. The reader is 
ready for operation. After the reel-po^ver switch 
is depressed, both buffer arms assume their neu- 
tral position and the reels are placed under the 
control of their resjjective buffer arms. Oj^era- 
tion of both buffer arms is similar and may be 
understood by studying the supply reel operation. 

REEL POWER 

After the supjjh buffer arm is released from its detent 
position and loweretl onto the tape, the dej^ression of 
the reel power switch starts a chain of events as follows: 

1. Relays 1 and 3 are picked providing the supply 
reel limit switches are closed. 

2. Relay 2 is picked providing the take-up reel limit 
switches are closed. 

3. The buffer arm having been released from the 
detented position, allows the rollers to rest on the 
tape until tape slack is exhausted or the lower 
buffer arm contact is closed by the buffer arm cam. 



Closure of the lower buffer arm contact (Figure 
1 3-8) drives the supply motor to take up the slack 
in the tape. The motor turns until the lower con- 
tact is opened — the supply buffer arm is now in its 
neutral position. 
4. Functions of relays Rl, R2, R3 (02.83.70.1) 
Rl — Controls the sujiply motor and reel read) 
condition. 

lAL: Holds Rl energized after the reel power 

switch is released. 
IBL: Directs — 48\- to the supply reel buffer arm 

contacts. 

R2 — Controls the take-up motor and reel read\ 
condition. 

2AL: Holds R2 energized after the reel jjower 

switch is released. 
2BL: Directs — 18\- to the take-u]j reel buffei- 

arm contacts. 
2.\U: Produces a take-up reel-ready signal. 

Iii()ul-C)utj)Ut nrrio s / '7 



Figure 13-7. Reel Mode 



R3 — Retains the reels-ready condition when tape 
runs out. 

SAL: Holds R3 energized after the supply reel 
lower limit switch opens on tape runout. 

3AU — 3BU: Produces a supply reel ready sig- 
nal. 

Strip Mode Operation 

The strip mode operation provides a means for read- 
ing a strip of paper tape when the short length of the 
tape prevents its being placed on either the supply 
or take-up reels. The buffer arm controls must be by- 
passed and the take-up and supply reel ready lines 
must be brought to the ready condition (+S) . 

1. The reel strip mode switch is placed in the strip 
position. This gives a +S "Supply Reel Ready" 
and +S "Take-Up Reel Ready" without regard 
to the status of R2 or R3. The circuit to the supply 



and take-up reel motor armatures is ojjened. 
Buffer arm position has no control. 
2. The strip of tape is threaded onto the read head 
in the same manner as reel or crf (center roll 
feed) mode. The tape break, tape load, and tape 
runout contacts are made. The paper tape reader 
is now in a ready status. 

CRF Mode (Center Roll Feed) 

The only difference between crf mode and reel mode 
is the manner in which the supply reel is used. 

Tape is loaded from the crf table over the top of 
the supply reel from right to left. The center roll feed 
motor reversing switch arm is placed against the tape 
to hold it onto the supply reel hub. The supply reel 
motor now runs in reverse compared to reel mode. 
All other load conditions are identical with reel mode. 
See Figure 13-9. 



13S 



Upper 
Limit 
Switch 

Upper 
Contact 




Supply 
Buffer 
Cam 



Lower 
Contact 



Lower 

Limit 

Switcli 



SMS Card Gate 



Figure 13-8. Supply Buffer Arm Contacts & Limit Switches 



Reading Tape 

As the pinwheel moves tupe past the read head, the 
supply buffer arm rotates clockwise (upward) until 
the upper buffer arm contact is closed. This rotates the 
supply motor and reel clockwise, and delivers tape to 
the buffer arm. The buffer arm then lowers until the 
upper buffer arm contact opens, whereupon the motor 
stops. As long as tai)c is being read, the upper buffer 
arm contact continuously closes and opens to control 
the supply reel rotation. 

When the pinwheel stops, the supply buffer arm re- 
turns to its neutral position, wherein the cam is rest- 



ing between the upper and lower contacts and neither 
is made. When neither contact is made, the armature 
of the reel motor is shorted: this shorting results in a 
dynamic braking effect that helps stop the reel. 

Take-up Reel 

The operation of the take-up reel and buffer arm is 
almost a mirror-image of supply reel operation. As tape 
feeds to the take-up buffer arm, the arm lowers, caus- 
ing the buffer arm cam to close the lower contact. The 
take-up reel then rotates counterclockwise, pulling the 
tape, and raising the buffer arm to its neutral position. 
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Figure 13-9. Center Roll Feed Mode 



As with the supply operation, oscillation of the buffer- 
arm continues as long as the tape is being moved past 
the read head. 

Limit Switches 

The upjjer buffer arm limit switches prevent reel oper- 
ation when the buffer arms are detented. See Figure 
13-8. 

The lower limit s^vitches control reel operation when 
the tape breaks or runs out. "When tape runs out, the 
supply reel buffer arm drops opening the lower limit 
switch. However, the hold for R3 bypasses the limit 
switch and therefore R3 will not drop, thus maintain- 
ing supply reel ready. Rl drops, oj)ening the circuit to 
the suj>ply reel drive motor. Control of the runout is 
maintained by the runout contact. 

Reader Ready Lines 

The operating condition of the paper tape reader is 
indicated by the following lines (02.83.60.1) : 
1. "+S take-up reel ready." 



2. "+S tape break contacts." 

3. "+S tape runout contacts." 

4. "+S tape load contacts." 

5. "+S supply reel ready." 

The above 5 lines ANoed together provide the "— S 
reader ready" line to the computer. 

Incandescent Lamps 

The read lamp, mounted above the read head, has a 
masked lens that exposes a beam of light on the eight 
read jDhotocells. 

The timing disk lamp is a miniature I2-volt lamp 
mounted behind the timing disk and photocell. No 
lens is required. 

Each lamp is in series with a potentiometer for mini- 
mizing the voltage across the lamp and extending 
lamp-life. 

Electronics 

PAPER TAPE READ CIRCUIT (FIGURE 13-10) 

TJie j)a]Der tape read circuit amplifies and shapes the 
nearly sinusoidal output of the read photocell, pro- 
ducing S levels at the circuit inverter output. When 
the tape blocks light from the photocell, the output 
is at a — S level (— 12v) . As a hole in the moving tape 
exposes the photocell to light, the resistance of the 
cell decreases. ^Vhen point A becomes sufficiently nega- 
tive, T, becomes forward biased and conducts, making 
j)oint B negative. (Since the cell has been dark, T, 
has been conducting heavily, with point D positive.) 
As Ti conducts and point B goes negative. To conducts 
less and jjoint C follows point B excluding a small drop 
through To. "With point C negative, point D is also 
negative, forward biasing T., and causing it to con- 
duct: the out])ut rises to the +S level (ground) . 

As the ta])e blocks light from the photocell, the cur- 
rent through it is reduced to a maximum of 60 ju,a, rais- 
ing the voltage at jjoint A to ajjproximately +1.5 volts. 
Ti continues conducting: point B is also at +1.5 volts. 
T, now has a greater forward bias, conducts more 
heavily, and makes point C positive (approximately 
+ 1.7 volts). This plus level is reflected at j^oint D, 
cutting T;, off, and droj^ping the output to the — S 
level (approximately —5.6 to —12 volts) . 

The DC voltage requirements are: 
Turn-on: -2.37 to -12.0 volts. 
Turn-off: -0. 1 1 to + 1 2.0 volts. 

Current requirements are: 

Minimum tinn-on current: 

165 ,ua with input at —2.37 volts. 
Maximum turn-off current: 

60 /la with input at —0.1 1 volts. 
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Figure 13-10. Paper Tape Read Circuit 
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TIMING DISK PHOTOCELL AMPLIFIER LOCK CIRCUIT 

(FIGURE 13-11) 

The timing disk photocell amplifiex- is used to gate read 
pulses, and also shapes and amplifies the output of 
the timing disk photocell. Once turned on, the circuit 
"locks" and requires a large voltage swing (8 volt) 
to turn if off. Thus, reading is more reliable because 
of the decreased possibility of re-sensing a timing disk 
hole if the pinwheel shaft fluctuates in stopping. 

The circuit turns on at —5.45 to —12.0 volts; it re- 
mains "locked" ON even though the input varies from 
— 12.0 to +2.26 volts. In a like manner, the circuit 
turns off at +5.25 to +13.2 volts, and remains "locked" 
OFF if the input is within —2.88 to +12.0 volts. 

Circuit Operation: Assume that a timing disk hole 
is starting to expose the photocell to light. As the 
amount of light reaching the photocell increases, the 
resistance of the cell decreases, thereby making point 
A go negative. Tj has a greater forward bias and con- 



ducts more, making point B more negative. As point 
B goes negative, point C follows until point D is —0.3 
volts, forward biasing T3 and causing it to conduct. 
The voltage at point D is governed by the divider: 
+ 12v to RIO to R5 to R4 to point C. 

Because of this divider (when T3 is off), point C must 
be approximately —6 volts before T3 begins to conduct. 
With T3 conducting, point C is fixed at —6 volts; as 
point B goes more than 6 volts minus, T2 turns off. 

When T3 conducts, point E goes to 0 volts, forward 
biasing T4, which conducts, making point H —6 volts. 
Tg is now forward biased and conducts, putting the 
output at a +S level (0 volts) . 

When the cell is exposed to the maximum amount 
of light, the following conditions exist: 

1. Point A is approximately —10 volts. 

2. Tj is conducting heavily. 

3. To is cut off; point C is at —6 volts, 

4. T3, T4, and T, are conducting; point H is at —6 
volts. 
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Figure 13-11. Timing Disk Photocell Amplifier 



5. The output is at +S level (0 volts) . 

As the timing-disk moves to block light from reach- 
ing the photocell, the resistance of the cell increases, 
making points A and B go positive. To conducts and 
point C follows point B in its positive voltage swing. 
When the input (point A) is nearly +6 volts, jjoint 
D is sufficiently positive to turn off T.,. Point E be- 
comes negative, reverse biasing T^, and turning it off. 
Since T.^ and Tj are off, the voltage at jjoint H (+1 1.2 
volts) is determined by the divider: 

+ 12v to RIO to R5 to R4 to point C (+ 10 volts) . 

Tg is reverse biased and turned off, making the out- 
put at a —S level (— 12v) . 

PHOTO DIODE ADJUSTING POTENTIOMK TKRS 

The photo diode adjusting })otenti()metcrs are used to 
compensate for inherent differences between photo 
diodes. Changing the potentiometer setting shifts the 
entire photocell amplifier output waveform up or down 
in relation to a base level. Adjusting the })otentiometer 
does not increase or decrease the potential difference 
between the positive and negative peaks. 

l-f2 



HRAKE AM) C:i.i:TC;u: selector and CONTROL CIRCUIT 

(Fica-RE LS-12) 

A single injnu to the selector and control circuit oper- 
ates either the clutch or brake. Because a +S input 
energizes the clutch, and a — S input energizes the 
brake, the hazard of simultaneously operating the 
clutch and brake is reduced. 

Tnput at -S (-12 volts). A -S input at point D ener- 
gizes the brake, but not the clutch. 

Initial Conditions: To does not conduct because its 
base and emitter are both at —12 volts. Because of the 
R15-R13 divider, the base of T^ is at —6 volts. 

Operation: Since point A (To emitter) is at —12 
volts, Ti is forward biased and conducts. Point A is 
now at —6 volts, reverse biasing To and preventing it 
from conducting. 

When Ti conducts, the base of T3 is negative; T.^ 
is forward biased and conducts, which makes the base 
of T-, positive. T, is reverse biased and does not con- 
duct; preventing the clutch from being energized. 

Meanwhile T. is held off, making the base of T^ 
positive. Being reverse biased, T^ cannot conduct. The 
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Figure 13-12. Brake and Clutch- Selector and Control Circuit 



base o£ is negative and it conducts, causing the 
brake to be energized. 

Input at + S (0 volts). With 0 volts at point D, T., is 
forward biased and conducts, making the base of 
negative. T4 is forward biased and conducts. Point A 
goes from —12 volts to —5 volts, reverse biasing T, 
and cutting it off. When T, conducts, the base of T,, 
is positive and T,, turns off, de-energizing the brake. 

With Ti cut off, T;, is reverse biased and cut off, 
making the base of T., negative. As T^, conducts, the 
clutch is energized. 

IBM 1624 Paper Tape Punch 

Drive Mechanism 

The punch is powered by a 1725 rpm, l/ K) hp motor. 
The clutch pulley is belt-driven from the motor (Fig- 



ure 13-13). When the clutch is engaged, the clutch 
pulley transmits motion to the horizontal cam shaft 
that has the five electrical cams and the index on the 
left end of the shaft. By means of spiral bevel gears, 
the vertical shaft is driven from the horizontal shaft. 
The six mechanical cams (numbered top to bottom) 
are mounted on the vertical shaft. Cams 2 and 3 are 
the punch drive cams; cams 1 and 4 restore the punch 
drive mechanism; cam 5 operates the latch lock 
mechanism; cam 6 operates the tape feed; the roller 
stud between cams 5 and 6 operates the lever latch and 
magnet armature restoration. 

The punch clutch permits operation of the tape 
punching mechanism under control of the clutch mag- 
net (Figure 13-14) . .\t zero on the index, the horizontal 
cam shaft is held in a detented position by the clutch de- 
tent arm and the clutch armature. The clutch spring 
at this point is held open or partially uncoiled from 
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Figure 13-13. Tape Punch Drive and Cams 



its normal position by the pressure of the armature 
against the step on the clutch sleeve. This uncoiled 
condition of the spring allows free rotation of the 
drive pulley. 

When the clutch magnet receives an impulse, the 
armature is attracted and the clutch sleeve is free to 
rotate under pressure of the clutch spring. This rota- 
tion causes the spring to grip tightly around the col- 
lar on the drive pulley and the clutch collar. Motion is 
then transmitted from the drive pulley to the clutch 
collar through die clutch spring. 

When the clutch latches at the end of a cycle, the 
spring again is uncoiled by the action of the armature 
engaging the step on the sleeve and overthrow of the 
horizontal shaft. This allows the detent arm to drop 
in behind the step on the clutch detent to keep the 
cam shaft from drifting backwards. 

The punch clutch latches at 0° on the index. 

Punch Operation 

The punch drive cams consist of two pairs of com- 
plementary cams — 1 and 4, 2 and 3. They furnish 
a reciprocating motion for the two punch drive arms. 
The drive arms are pivoted about the drive-arm pivot 
shaft on their right ends. The punch levers (one for 



each punch) are mounted on the punch bail shaft 
fastened between the two drive arms. When the punch 
bail shaft is moved by the reciprocating action of the 
drive arms, one of the two ends of the punch levers 
must also move (Figure 13-15) . If the right end of the 
lever is free to move, the right end rather than the 
left end will move because the springs from the levers 
to the punch lever stop and spring support will tend 
to hold the left end stationary. However, if the right 
end should be held stationary by the step on the punch 
lever latch (the latch having been released because 
of the attraction of its punch magnet armature) , the 
left end will be forced to move against its spring ten- 
sion. Because the punch is attached to the left end of 
the punch lever, it will be driven forward each time 
the left end of the punch lever is driven forward 
(Figure 13-16) . In this way the tape is punched in dif- 
ferent combinations by energizing various punch mag- 
nets. 

The fourth punch up from the bottom of the die 
(small punch) is the tape feed punch. This punch 
is driven through the tape each cycle to punch the hole 
for the pins on the pinwheel assembly for tape feeding. 
The punch lever for this position has no punch lever 



Detent Arm 




Retaining Collar 
Figure 13-14. Punch Clutch 



the punches are driven into the die. The motion of 
the punch levers is such that the punches are driven 
far enough into the die to cause a clean hole to be 
cut. The section of the punch guide adjacent to the 
die strips the paper from the punches as they return 
to normal and acts as a second guide comb. All 
punches have beveled ends to aid in cutting a clean 
hole in the tape. A chad chute fastened to the punch 
die directs the chads, or punchings, into the chad box. 
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latch, but rather, a metal stop arm fastened to the latch 
comb and stop assembly (Figure 13-17) . This stop arm 
acts to hold the right end of the feed punch lever in 
a fixed position, thus allowing the punch to perforate 
the tape once each cycle. This hole is for feeding pur- 
poses only. 

The punches are slotted to allow insertion of the 
punch levers. They are held in the punch guide to 
eliminate any wobbling that would cause binding as 
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Figure 13-15. Punching Mechanism (at Rest) 



Latch Lock 

The latch lock mechanism is operated by cam 5. Its 
purpose is to lock the punch lever latches during the 
punching portion of the cycle. After the lever latches 
have been tripped for each punch code, the latch lock 
is cammed into the path of the left end of the latches 
(Figure 13-18) . The tripped latches are locked in the 
tripped position. The latch lock also locks the un- 
tripped latches to prevent late or extra latches from 
being tripped after about 20° of the punch cycle. Just 
before the punches restore, the latch lock is cammed 
back to normal allowing the latches to be relatched 
on their armatures. 
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Figure 13-16. Punching Mechanism (Operated) 
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Figure 13-17. Feed Punch 



Punch Lever Latch and Magnet Armature Restoration 

The restoration of the punch lever latches is done 
by a roller stud mounted between cams 5 and 6 (Fig- 
ure 13-19) . After the punching operation has been com- 
pleted, this roller stud contacts the latch restoring' 
lever, causing it to pivot and operate against the 
punch lever latches. This action against the latches 
causes them to pivot counterclockwise, and to restore 
past the latching point on the armatures. 

The restoration of the inner (bottom) lever latch 
causes restoration of all the punch magnet armatures. 
As the inner level latch is restored to the right, the 
right edge of the latch comes in contact with the arma- 
ture knockoff lever, causing it to rotate clockwise and 
to knock the armatures away from the cores. There 
are two styles of magnet armatures and coils; a right 
and a left. They are not interchangeable. 
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Figure 13-18. Latch Lock 




Figure 13-19. Punch Lever Latch and Magnet Armature 
Restoration. 



Tape Feed 

Cam 6 is used to feed tape after punching one column 
for each code in the tape under normal operation. 
After the punches have been withdrawn from the tape, 
cam 6 raises the cam follower on the tape feed arm 
(Figure 13-20). The arm pivots counterclockwise and 
pulls the tape feed pawl into engagement with the 
feed ratchet and moves the ratchet pinwheel one 
tooth. After each advance of the feed ratchet, a detent 
roller holds the detent wheel and feed ratchet in posi- 
tion for the next punch cycle. An eccentric feed pawl 
stop stud limits the overthrow action of the tape feed 
arm and feed pawl when feeding under power. As the 
cam follower falls from the high dwell of the cam, the 
feed pawl restores to its rest position under spring ten- 
sion. The tape pinwheel may be positioned in either 
direction by hand. 

Under error conditions, the no-feed magnet is ener- 
gized and its armature pivots to prevent the feed pawl 
from engaging the feed ratchet. This prevents feed- 
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Figure 13-20. Tape Feed 



ing the tape (Figure 13-21). The pinwheel assembly 
consists of the shaft, the manual tape feed knob, pin- 
wheel, ratchet wheel and detent wheel (Figure 13-22) . 
As the pinwheel is rotated, the tape is advanced, column 
for column. 

Code Check Unit 

The code check unit contains eight steel balls, eight 
sliding plungers, and 32 contact wires. Extending 
through each plunger are two sets of contact wires that 
provide tension of the plungers against the ball (as 
well as being the operating points of electrical trans- 
fer contacts) . 

Each punch (except the feed punch) has an exten- 
sion with a turned-over end that contacts a ball and 
moves it into the unit whenever a punch is driven to- 
ward the tape (Figure 1 3-23) . The ball pushes the 
plunger and it, in turn, transfers the contact wires. 
The punches that are not actuated do not transfer 
their contact wires. An electrical path is set up to 
check for an odd code. If an odd number of plungers 
is moved, the machine continues normally. However, 
if an even number of plungers is moved, an error con- 
dition exists and the write check trigger is turned on. 

Tape-Feed-Pressure Arm and Adjustable Tape Guide 

The tape-feed-pressure arm is used to hold the tape 
against the pinwheel and to guide the tape as it is 
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Figure 13-21. No-Feed Magnet 
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Figure 13-22. Pin Wheel Assembly 
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Figure 13-23. Code Check Unit 
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Figure 13-24. Tape Feed Pressure Arm and Adjustable Tape 
Guide 



being advanced (Figure 13-24). As the tape is fed, a 
tape stripper and guide on the back of the tape-feed- 
pressure arm causes the tape to leave the surface of 
the pinwheel and advance to the rewind plate. 

An adjustable tape guide is located ahead of the 
die position and assists in proper feeding of the tape. 
When the tape-feed-pressure arm is opened, or when 
there is no tape passing in back of the adjustable tape 
guide, the tape tension contact (Figure 13-25) closes. 
Closure of the contact turns on the no-feed trigger and 
the punch-no-feed lamp. 

Punch-MagneNYoke Assembly 

The punch-magnet-yoke assembly consists of eight 
punch magnets and armatures. As the character is read, 
the corresponding code is determined and the proper 
punch magnets are energized. Energization of the 
punch magnets allows the lever latches to pivot and 
move under the punch levers for those positions. At 
the same time, the action of the punch drive arms 
punches the holes for a code in the tape. 

Sequence of Operation 

When the tape punch clutch is latched, the driver 
pulley is the only rotating member of the punch mech- 
anism. The punch lever latches are latched on their 
respective armatures, the tape feed pawl is held away 
from the feed ratchet, tlie latch lock and the lever latch 
restoring and armature knockoff mechanisms are at 
rest. The punch drive arms are at rest. The punch 
drive arms are toward the rear. 

As soon as the tape punch clutch magnet is ener- 
gized, the action of the clutch spring and the clutch 
sleeve immediately transmits the drive pulley motion 
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to the cam shafts. At the same time that the clutch is 
energized, the punch magnets are energized for the 
positions to be punched, releasing the lever latches 
and allowing them to move under the right end of 
their corresponding punch levers. At about 20°, the 
latch lock is positioned §o that it holds all lever latches 
in their latched or unlatched positions. Following the 
locking of the punch lever latches, the punch drive 
arms are operated by cams 2 and 3. The punch levers 
that are held stationary on the latching end because 
their corresponding lever latches have been released, 
are driven on the punch end by the punch drive arms. 
This causes punching in the tape for those positions 
(Figure 13-26) . Those punch levers that are not held 
stationary by their corresponding lever latches are 
driven on the latching end rather than the punching 
end. No holes are punched in the tape for those posi- 
tions. Each punch, in moving forward, transfers two 
pairs of contact wires in the code check unit when the 
punch depresses its corresponding ball and plunger. 
Punches and punch levers are then restored to normal 
by the action of cams 1 and 4 in restoring the punch 
drive arms. The latch lock is cammed away from the 
lever latches at the same time that the punches are 
being restored. 

Immediately after the punches and latch lock mech- 
anism have been restored to normal, cam 6 starts to 
operate the tape feed arm. This action engages the 
tape feed pawl in the feed ratchet and rotates the 
ratchet one tooth. This spaces the tape to the next 



column and places it in position for the next punch- 
ing operation. While the tape feed mechaniism is in 
operation, the stud between cams 5 and 6 acts against 
the latch restoring lever to cause the punch lever 
latches to pivot counterclockwise and restore past 
their latching point on the punch magnet armatures. 
During this latch-restoring operation, the inner punch 
lever latch acts upon the armature knockoff lever to 
knock any sticking armatures away from the magnet 
cores so that they will be in position to allow the lever 
latches to latch properly. 

Tape Supply Disk and Rewind Reel Assembly 

The tape supply disk is located on top of the unit. A 
blank roll of tape is inserted and, after the tape has 
been threaded properly through the punching station, 
it is fed to the rewind plate assembly. This assembly 
is mounted on a bracket to the left of the punching 
unit and is driven by a spring belt from the hori- 
zontal cam shaft. The rewind assembly spring belt 
drive allows slippage and prevents the tape from wind- 
ing with excessive tension or possible tape breakage. 

Tape Feed Switch 

Operation of the tape feed switch .energizes the punch 
clutch and punch magnets 1 through 7 (tape feed 
code) . The tape feed code will continue to be punched 
as long as the key is held operated. 
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Figure 13-26. Sequence of Operation 



If the no-feed trigger is on due to an output error, 
depression of the feed switch will turn off the no-feed 
trigger as well as punch the tape feed code. 

A function chart of the tape feed switch and its asso- 
ciated circuitry is included in the Instructional System 
Diagrams, page 42. 

AUXILIARY TRIGGERS 

Tape Feed Trigger. (01.84.10.1). 
1. Turned on by depression of tape feed switch to 



energize the punch clutch and all punch magnets 
except EOL. 

2. Turned off at PCB-3 time when tape feed switch 
is released. 

Tape Feed Interlock Trigger. (01.84.10.1) . 
1. Turned on by tape feed trigger to prevent a re- 
sponse from cycling the computer when PCB-3 
makes. 
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Section 14 Input-Output Operations 



Genera/ 

The input devices for the ibm 1620 Data Processing 
System are the ibm 1621 Paper Tape Reader, the ibm 
1622 Card Read Punch, and the console typewriter. 
These devices are used to enter (read) instructions 
and data into memory. 

The output devices are the ibm 1624 Paper Tape 
Punch, the ibm 1622 Card Read Punch, and the console 
typewriter. These devices are used to record (write) 
data from memory. 

The and Q,, digits of read and write instructions 
are used to specify the desired input-output device 
with two-digit addresses assigned as follows: 

01 — Typewriter 

02 — Paper tape punch 

03 — Paper tape reader 

04 - Card Punch 

05 - Card Reader 

Only one device may be selected at a time, and the 
device remains selected until the execution of the read 
or write instruction is terminated. If an invalid ad- 
dress is specified for an input or output device, or if 
the selected device is not in a ready condition to oper- 
ate, the computer suspends operation in the auto- 
matic mode. (When the typewriter has been selected 
as an input device, the computer appears to suspend 
operation, but actually is awaiting the manual entry 
of information from the keyboard.) 

Each character of data read from an input device or 
written on an output device is checked for odd parity. 
The read check indicator is turned on if any character 
of an input record has incorrect parity. The write 
check indicator is turned on if any character of an 
output record has incorrect parity. 

The read and write functions for the console type- 
writer, paper tape punch, and paper tape reader are 
given in this manual. A description of the ibm 1622 
Card Read Punch including the card read and write 
functions is given in the ibm Customer Engineering 
Manual of Instruction, 1620 Data Processing System, 
Additional Features (Form 227-5513). 

Function charts for 1620 operation codes are located 
in the ibm Customer Engineering Instructional System 
Diagrams, 1620 Data Processing System (Form 227- 
5631). 



Typewrifer 

The console typewriter can be used to enter (read) 
instructions and data into memory or to print out 
(write) data from memory. A record of input data is 
obtained as a byproduct of an input operation. The 
rate of entry of information from the typewriter key- 
board depends upon the speed of the operator; the 
rate of automatic print out of data is 10 characters 
per second. The typewriter cannot be used off-line 
because the keyboard is locked when not in use to 
enter data into memory. 

Depression of insert on the console activates the 
typewriter keyboard to permit the direct entry of in- 
structions into memory, starting at location 00000. 
Each depression of a typewriter key enters that char- 
acter into memory one location higher than the previ- 
ous character. The keyboard remains activated until 
the RELEASE key on the console or the R-S key on the 
typewriter is depressed. 

Flags for sign and field definition in numerical data 
are indicated on the typewriter by depressing the flag 
key, before depressing the digit key to which the flag 
refers. 

During an input operation, characters are presented 
to computer input translator circuitry from the key- 
board for conversion to the six-bit digit code (see 
Appendix B) . If a character with incorrect parity is 
presented to the translator, the read check indicator 
is turned on; however, the computer remains in the 
automatic mode and continues to accept data from the 
keyboard until release or the R-S key is depressed. 
The computer then enters the manual mode. The read 
check indicator can be interrogated by a branch indi- 
cator or branch no indicator instruction and will be 
turned off, if on, by the execution of that instruction. 

During an output operation, characters from mem- 
ory in the six-digit code are presented to computer out- 
put translator circuitry for conversion to typewriter 
code (See Appendix B) . If an invalid character is 
presented to the typewriter from the translator, an 
invalid character symbol ^ is printed. If a character 
with incorrect parity is presented to the typewriter, 
the write check indicator is turned on and the char- 
acter is centerscored. The write check indicator is 
turned on if a typebar fails to mechanically respond to 
a character in the typewriter encoding (bit) relays. 
The setting of the i/o check switch on the console to 
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STOP or PROGRAM determines whether the computer 
stops upon completion of writing the record in which 
the parity error was detected or continues with the 
program. The write check indicator can be interrogated 
by a branch indicator or branch no indicator instruc- 
tion and is turned off, if on, by the execution of that 
instruction. 

Space, carriage return, and tabulate are typewriter 
functions that may be inserted in a program by means 
of Control-Code 34 instructions. 

Paper Tape 

Instructions and/or data are read or written (punched) 
as holes in one-inch-wide paper tape which contains 
eight channels. Information is recorded at a density of 
ten characters to the inch. Figure 14-1 is a schematic 
of a section of paper tape illustrating the eight chan- 
nels and the coded punching for alphabetic and nu- 
merical characters. 

The four lower channels of the tape (excluding the 
feed hole) are used to record numerical characters 
1 through 9. For example, a hole in the "1" channel 
represents a numerical I; a hole in the "2" channel a 
numerical 2; and holes in the "1" and "2" channels 
of the same tape column a numerical 3. A zero is re- 
corded as a hole in the "0" channel. A flag (F) bit in 
numerical data for sign or field definition is recorded 
as a hole in the "X" channel of the tape column which 
contains the numerical digit to which the flag refers. 

The "X" and the "0" channels are used in combina- 
tion with the numerical channels to record alphabetic 
characters, similar to zone punching in ibm cards. The 
12-zone alphabetic characters (A-I) require both the 
"X" and "0" channel holes in combination with the 
numerical digit punching, while alphabetic characters 
J-R use the "X" channel hole in combination with the 
numerical digit punching, and the alphabetic char- 



acters S-Z use the "0" channel hole in combination 
with the numerical digit punching. 

Special characters are recorded by the use of com- 
binations of numerical channels not required for nu- 
merical characters, combinations of the "X" and/or 
"0" channels with numerical channels not required 
for numerical and alphabetic characters, and the "X" 
channel alone (See Appendix B) . 

As a check that each character is recorded correctly, 
each column of the tape is punched with an odd num- 
ber of holes. A check, "C" channel, hole must be added 
in any column where the basic character code (X, 0, 
8, 4, 2, 1) consists of an even number of holes. (In 
numerical data if the "X" channel hole representing a 
flag bit for sign or field definition causes the number 
of holes in a column to be an odd number, a "C" 
channel hole will not be added.) 

The "C" channel hole alone represents a space when 
an alphameric read or write instruction is being exe- 
cuted. 

The paper tape code for all numerical, alphabetic, 
and special characters is illustrated in Figure 14-2. 

The EL (end-of-line) channel of the tape is associ- 
ated with termination of data transmission to or from 
memory. When the paper tape reader senses a 
column of the tape which contains a hole in the el 
channel, a record mark is placed in memory and the 
read operation is terminated. When a record mark is 
sensed from memory during a write instruction with 
the paper tape punch as the selected device, a hole is 
punched in the el channel of the tape column follow- 
ing that occupied by the last character transmitted 
from memory, and the write instruction is terminated. 

Tape feed codes (holes in channels 1 through 7 of 
each column) are punched repetitively when tape 
FEED is held depressed. They are used to cause the 
tape to feed in the paper tape reader during insertion 
and run-out. 
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Figure 14-1. Paper Tape 
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Figure 14-2. Paper Tape Code 



IBM 7627 Paper Tape Reader 

Characters are read serially by the paper tape reader 
at the rate of 150 characters per second and presented 
to computer input translator circuitry for conversion 
to the six-bit digit code (see Appendix B) . If a char- 
acter with incorrect parity is presented to the translator, 
the read check indicator is turned on; however, the com- 
puter remains in the automatic mode and the read 
operation continues. Sensing of a hole in the el chan- 
nel of a tape column causes a record mark to be placed 
in memory and the read operation to be terminated. 
The setting of the i/o check switch on the console to 
STOP or PROGRAM determines whether the computer 
stops upon termination of the read operation during 
which the parity error was detected, or continues with 
the program. The read check indicator can be interro- 
gated by a branch indicator or branch no indicator in- 
struction and is turned off, if on, by the execution of 
that instruction. 



IBM 1624 Paper Tape Punch 

On a write instruction with the paper tape punch as 
the selected output device, data from memory is pre- 
sented to computer output translator circuitry for 
conversion to paper tape code. Characters are punched 



into the tape at a rate of 15 per second. When a record 
mark is sensed from memory, a hole is punched in the 
EL channel of the tape and the write operation is 
terminated. 

Transmittal of an invalid character or punching an 
even number of holes turns on the no feed and write 
check triggers. The run trigger is turned off, the tape 
feed does not advance, and the computer stops in the 
automatic mode without regard to the setting of the 
i/o check switch on the console. The punch no feed, 
manual, and write check lights are turned on. 

When a valid character is transmitted but punches 
incorrectly, program processing can be resumed with 
the following procedure: 

1. Operate the tape feed switch 

a. The tape feed code is overpunched on the in- 
correctly punched character. 

b. The write check and no feed trigger are turned 
off thereby turning off the write check and no 
feed lights. 

2. Depress the start key 

The run trigger is turned on and the computer 
attempts to repunch the same valid character 
that was previously punched incorrectly;; If the 
attempt is successful the computer proceeds 
with the program. If the attempt is not success- 
ful the error will again stop the computer as 
previously explained. 

If the error is caused by transmittal of an 
invalid character or if the program processing 
resumption procedure does not correct the 
error, the console reset key must be depressed 
to return the machine to the manual mode. 

If the 1624 runs out of paper tape, the no- 
feed trigger is turned on, the computer stops 
in the automatic mode, and the no feed and 
manual lights turn on. Program processing can 
be resumed by following the procedure given 
previously. 



Read Numerically (Code 36 — RN) 

Sequence block diagrams for this operation are Ihown 
in Figures 14-3 and 14-4. Function charts for this oper- 
ation are shown in the Instructional System Diagrams, 
pages 34 and 35. A sequence chart of the typewriter 
used as the input device (numerical) is shown in Figure 
14-5. 

Objectives 

1. Read numerical information, including flag bits, 
into memory from the input device specified by 
the Qg and Q9 digits of the instruction. 
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Figure 14-3. Read Numerically-Code 36 (36 PPPPP QOIQQ) 
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2. Store the information at the memory location 
designated by the P address (OR-2) and suc- 
cessively higher memory locations. 

Functions 

During the I-cycle, the Qg and Qg digits of the instruc- 
tion are placed in the digit/branch register and decoded 
to specify the input device. The typewriter keyboard is 
specified by 01 and the paper tape reader by 03. 

The digits of input data are transmitted serially to 
memory at the location designated by the P address 
(OR-2) and successively higher memory locations. 
Flag bits with digits of input data are duplicated in 
memory with the digits. 

Transmission of a numerical character of input data 
from the typewriter keyboard requires energization of 
the coding relay (or relays) corresponding to the type- 
writer character code for the specific digit. Coding 



relays are assigned as follows: 

Bit 
0 
1 
2 
4 
8 



Coding 
Relay 
R56 
R57 
R58 
R59 
R60 



Depression of the typewriter keyboard flag key turns 
ON the flag trigger, which provides for storage of an 
F bit with the digit that follows. C bits are developed 
as needed for odd parity. 

Transmission of input data from the paper tape 
reader is accomplished by supplying the output of the 
read head photo cell for each of the 8 tape channels 
to the input translator. Tape feed codes (holes in 
channels 1 through 7 of a tape column) cause the 
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tape to feed through the paper tape reader with no 
cycling of the computer. 

The read check trigger is turned on if: 

1. A character with incorrect parity is presented to 
the input translator. 

2. The response check latch is on because the input 
device failed to return a response signal to the 
computer. 

However, the computer remains in the automatic mode 
and continues to accept input data until the read oper- 
ation is terminated. Termination of the read operation 
directs the computer to enter the I-cycle for the next 
instruction in sequence. 

If the input device is the paper tape reader, the read 
operation is terminated by one of the following: 

1. Sensing a hole in the end-of-the-line channel 
(channel 8) of the tape. (A numerical record 
mark, C-8-2, is placed in the memory location 



next higher than that occupied by the last numer- 
ical character read from the tape.) 

2. Depressing release on the console. The computer 
stops when the I-cycle is entered if the read oper- 
ation is terminated by use of release. Depression 
of START on the console is then required to restart 
the computer. 

If the input device is the typewriter keyboard, the 
read operation is terminated by one of the following: 

1. Depressing release on the console. 

The computer stops when the I-cycle is entered. 
Depression of start on the console is then re- 
quired to restart the computer. 

2. Depressing the R-S key on the typewriter key- 
board. 

This performs the same function as release fol- 
lowed by start. 

3. The address in mar reaching 00099. 
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Figure 14-5. Typewriter Used as Input Device (Numerically) 



This performs the same function as release. 
A record mark is not automatically placed in memory 
if any of the three preceding items terminate the read 
operation. If a record mark is wanted, the record mark 
key must be depressed before release or the R-S key 
is used to terminate the read operation. In the case of 
MAR reaching 00099, a record mark cannot be placed in 
memory because the typewriter keyboard is inactivated. 

Note: Depression of the R-S key blocks the response 
gate trigger to prevent the computer from cycling. The 
flag trigger is turned on when the R-S key is depressed; 
however, it has no function and is turned off by the 
i/o exit trigger. 



Auxiliary Trigger Status 

Decrement Trigger. (01.60.05.1) . 

1. Turned off (increment) when I-cycle is entered. 

2. Remains off throughout E-cycle. 

Read-Write Call Trigger. (01.64.14.1) . 

1. OFF when E-cycle is entered. 

2. Turned on by the hold trigger and remains on 
until the read operation is terminated. 

a. Unlocks typewriter keyboard. 

b. Picks R54, the store relay. 

3. Turned OFF by i/o exit trigger. 
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Response Gate Trigger. (01.80.25.1). 

1. OFF when E-cycle is entered. 

2. Turned on by a signal from the input device that 
a character is available to the computer. 

3. Turned off by the sync trigger. 

Sync Trigger. (01.64,13.1). 

1. off when E-cycle is entered. 

2. Turned on during hold trigger time, when the 
input device response signal terminates, to signal 
the computer to proceed with storing the char- 
acter in memory. 

3. Turned off during trigger 30 time. 

Disconnect Gate Trigger. (01.80.25.1). 

1. off when E-cycle is entered. 

2. Turned on by release key or R-S key depression, 
MAR reaching 00099, or a tape level 8 (end-o£-line) 
indication to signal termination of read operation. 

3. Turned off by i/o exit trigger. 

I/O Exit Trigger. (01.64.13.1) . 

1 . OFF when E-cycle is entered. 

2. Turned on when termination of read operation 
has been signalled by release key or R-S key depres- 
sion, MAR reaching 00099, or end-of-line indication. 

3. Turned off during trigger 1 time of following 
I-cycle. 

Stop 1 Trigger. (01.06.11.1). 

1. OFF when E-cycle is entered. 

2. Turned on by depression of the release key or mar 
reaching 00099. 

3. Turned off when run trigger goes off. 

Response Check Latch. (01.82.30.1) . 

1. Turned on during trigger 31 time. 

2. Turned off on the next input cycle after having 
been turned on by a response signal from the 
input device. The response signal indicates that 
a character is available to the computer, 

3. Turned off by the i/o Exit trigger ANoed with 
Read Call Gate. When selector common contact 
No. 2 or space interlock contact No. 2 makes, it 
turns off the response check latch and turns on 
the response gate trigger. When selector common 
contact No. 1 or space interlock contact No. 1 
breaks, the sync trigger is turned on and, in 
parallel, a test is made of the status of the response 
check latch. If the latch is on, the write check 
trigger is turned on. 

Note: The response check latch and its circuits are 
primarily designed for checking a write operation with 



the typewriter designated as the output device. It is 
included here because it is turned on and off each cycle 
and will detect extra computer cycles during the read 
operation. Extra computer cycles could be caused by 
an extraneous noise spike turning on the response gate 
trigger, the sync trigger, trigger 31, trigger 30, and 
hold trigger. In this case the response check latch is on 
from the previous cycle and causes the read check 
latch to be turned on in parallel with the sync trigger, 
thereby indicating a read error. 

Read Check Trigger. (01.81.45.1) . 

1. Turned on during hold trigger time in parallel 
with the sync trigger if the response check latch 
is on. 

2. Turned on during trigger 30 time if a character 
with incorrect parity is presented to the input 
translator. 

3. Turned off when interrogated by a branch indi- 
cator or branch no indicator instruction or when 
manually reset. 

Flag Trigger. (01.81.10.1). 

1 . off when E-cycle is entered. 

2. Turned on by depression of the flag key (or R-S 
key) on the typewriter. 

3. Turned off during trigger 30 time. 



E-Timer Trigger Objectives 

Hold Trigger. (01.64.12.1). 

1. Turn on read-write call trigger. 

2. Block MAR reset to prevent vrc error. 

3. Stop the computer clock to prevent unnecessary 
cycling of memory. 

Trigger 31. (01.64.11.1). 

1. Read out of memory per OR-2. 

2. Write back OR-2 bypassed. 

3. Turn on the response check latch. 

(Trigger 31 is used as a dummy E-timer trigger in 
Code 36 - Read Numerically operation. See Code 
37-Read Alphamerically for Trigger 31 function.) 

Trigger 30. (01.64.10.1). 

1. Read out of memory per OR-2 with either the 
odd or even sense amplifiers blocked, depending 
on whether the OR-2 address is odd or even, to 
clear the memory location. 

2. Write back OR-2 incremented plus 1. 

3. Set input character into mdr. 

4. Transfer mdr to mbr. 

5. Write into memory per OR-2 from mbr. 

6. Turn on hold trigger. 
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Read Alphamerkally (Code 37 — RA) 

Sequence block diagrams for this operation are shown 
in Figures 14-3 and 14-4. Sequence block diagrams for 
Read Numerically - Code 36 and Read Alphamerically - 
Code 37 differ only in that, for Code 37 operations, 
the input translator supplies a digit (zone) to mbr- 
even as well as a digit to mdr. The function chart for 
the alphameric part (trigger 30) of this operation is 
shown in the Instructional System Diagrams, page 38. 
The remainder of trigger functions for this operation 
is shown in the Instructional System Diagrams, pages 
34 and 35. The input translator function charts are 
shown in the Instructional System Diagrams, pages 36 
and 37. 

Objectives 

1. With the computer in alphameric mode, read 

information into memory from the input device 
specified by the Qg and Qg digits of the instruc- 
tion. 

2. Store the information as two adjacent digits at 
the memory locations designated by the P address 
minus one and the P address (OR-2) and suc- 
cessively higher pairs of memory locations. 

Functions 

During the I-cycle, the Qg and Qg digits of the in- 
struction are placed in the digit/branch register and de- 
coded to specify the input device. The typewriter key- 
board is specified by 01 and the paper tape reader by 03. 

Characters of input data are transmitted serially. 
Each character is stored in memory as two adjacent 
digits beginning at the memory locations designated 
by the P address minus one and the P address (OR-2) 
and continuing with successively higher pairs of mem- 
ory locations. The P address must designate an odd 
numbered memory location for storage of the numeri- 
cal digit of the first character. The zone digit of the 
first character is placed at the next lower memory 
address, which is an even address. Increment plus two 
is used to provide memory addresses for successive 
characters. 

If an even numbered memory location is errone- 
ously designated by the P address, input data is not 
correctly placed in memory and parity errors may 
occur. 

All flag bits existing in memory locations to which 
input data is being transmitted remain unchanged; 
flag bits are not allowed on the input data. Data from 
the input device may consist of a random mixture of 
numerical, alphabetic, and special characters. 



Transmission of a character of input data from the 
typewriter keyboard requires energization of the cod- 
ing relay (or relays) corresponding to the typewriter 
character code for the specific character. Coding relays 
are assigned as follows: 





Coding 


Bit 


Relay 


X 


R55 


0 


R56 


1 


R57 


2 


R58 


4 


R59 


8 


R60 



C bits are developed as needed for odd parity. 

Transmission of input data from the paper tape 
reader is accomplished by supplying the output of the 
read head photocell for each of the 8 tape channels 
to the input translator. Tape feed codes (holes in chan- 
nels 1 through 7 of a tape column) cause the tape to 
feed through the paper tape reader with no cycling 
of the computer. 

The read check trigger is turned on if: 

1. A character with incorrect parity is presented to 
the input translator. 

2. The response check latch is on because the input 
device failed to return a response signal to the 
computer. 

However, the computer remains in the automatic 
mode and continues to accept input data until the 
read operation is terminated. Termination of the read 
operation directs the computer to enter the I-cycle for 
the next instruction in sequence. 

If the input device is the paper tape reader, the 
read operation is terminated by one of the following: 

1. Sensing a hole in the end-of-line channel (chan- 
nel 8) of the tape. (An alphameric record mark 
is automatically placed in the two memory loca- 
tions next higher than that occupied by the nu- 
merical digit of the last character read from the 
tape. An alphameric record mark consists of a 
zero zone digit and a numerical record mark, 
C-8-2, as the numerical digit.) 

2. Depressing release on the console or the R-S key 
on the typewriter keyboard. 

The computer stops when the I-cycle is entered if 
the read operation it terminated by use of the release 
key. Depression of start on the console is then required 
to restart the computer. The R-S key performs the 
function of release followed by start. 

If the input device is the typewriter keyboard, the 
read operation is terminated by one of the following: 

1. Depressing release on the console. 
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The computer stops when the I-cycle is entered. 
Depression of start on the console is then required 
to restart the computer. 

2. Depressing the R-S key on the typewriter key- 
board. 

This performs the same function as release 
followed by start. 

3. The address in mar reaching 00099. 

This performs the same function as release. 
A record mark is not automatically placed in memory 
if any of the three preceding items terminate the read 
operation. If a record mark is wanted, the record mark 
key must be depressed before release or the R-S key is 
used to terminate the read operation. In the case of mar 
reaching 00099, a record mark cannot be placed in 
memory because the typewriter keyboard is inactivated. 

Note: Depression of the R-S key blocks the response 
gate trigger to prevent the computer from cycling. The 
flag trigger is turned on when the R-S key is depressed; 
however, it has no function and is turned off by the 
i/o exit trigger. 

Auxiliary Trigger Status 

See Read Numerically - Code 36. 

E-Timer Trigger Objectives 

Hold Trigger. (01.64.12.1). 

1. Turn on read-write call trigger. 

2. Block MAR reset to prevent vrc error. 

3. Stop the clock to prevent unnecessary cycling of 
memory. 

Trigger n. (01.64.11.1). 

1. Read out of memory per OR-2 to set F bit trig- 
gers in MBR and mdr for retention of any F bits in 
the memory locations receiving input data. 

2. Write back OR-2 bypassed to retain the address 
for clearing and writing into the memory loca- 
tions during trigger 30 time. 

Trigger 30. (01.64.10.1). 

1. Read out of memory per OR-2 with both the odd 
and even sense amplifiers blocked to clear the 
memory locations (Block Memory SA) . 

2. Write back OR-2 incremented plus 2. 

3. Block reset of F bit triggers in MBR-even, MBR-odd, 
and MDR. 

4. Set MBR-even and mdr triggers per character from 
input device. 

5. Transfer mdr to MBR-odd. 

6. Write into memory per OR-2 from mbr. 

7. Turn on hold trigger. 



Write NumBrically (Code 38 — WN) 

Sequence block diagrams for this operation are shown 
in Figures 14-6 and 14-7. Function charts for this oper- 
ation are shown in the Instructional System Diagrams, 
pages 39, 40, 41, and 42. A sequence chart of the type- 
writer used as the output device (numerical) is shown 
in Figures 14-8, 14-9, 14-10, and 14-11. 

Objective 

Transmit numerical information, including flag bits, 
from the memory location designated by the P address 
(OR-2) and successively higher memory locations to 
the output device specified by the Qg and Qg digits of 
the instruction. 

Furtctions 

During the I-cycle, the Qg and Qg digits of the instruc- 
tion are placed in the digit/branch register and de- 
coded to specify the output device. The typewriter 
is specified by 01 and the paper tape punch by 02. 

The digits of output data are transmitted serially 
from the memory location designated by the P address 
(OR-2) and successively higher memory locations to 
the selected output device. Flag bits in memory with 
digits of output data are recorded with the digits by 
the output device. 

Alphabetic characters, special characters, and nu- 
merical characters, which have been stored in memory 
as two adjacent digits because the computer was in 
alphameric mode, are recorded by the output device 
as two numerical digits. 

The write operation leaves output data unchanged 
in memory. 

Transmission of a numerical character of output 
data to the typewriter requires energization of the 
typewriter bit relay (or relays) corresponding to the 
typewriter character code for the specific digit. Bit 
relays are assigned as follows: 



Bit 


Relay 


C 


R21 


F (X) . 


R22 and R25 


0 


R28 and R31 


1 


R41 


2 


R42 and R45 


4 


R46 and R49 


8 


R50 



The presence of an F bit with a digit of output data 

causes the energization of R22 and R25, which provides 
for printing an overscore. When a C bit exists with 
only an F bit (FC in mdr) , R28 and R31 will be picked 
along with R22 and R25 and this will cause an over- 
scored zero (0) to be printed. A C bit, when accom- 
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Figure 14-6. Write Numerically-Code 38 (38 PPPPP QOIQQ) 
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Figfure 14-8. Typewriter Used as Output Device (Numerical) 
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Transmission of a numerical character of output 
data to the paper tape punch requires energization of 
the punch magnet (or magnets) corresponding to the 
paper tape code for the specific digit. 

The write check trigger is turned on when any one 
or more of the following conditions exists: 

1. A character with incorrect parity is presented to 
the output device by the output translator. 

2. Typewriter bit relays are energized for an even 
number of bits. 



3. An even number of holes are punched in a tape 
column by the paper tape punch. 

4. The response check latch is on because the output 
device failed to return a response signal to the 
computer. 

If the write check trigger is turned on with the type- 
writer as the output device, the computer remains in 
the automatic mode and continues to supply data to 
the typewriter until the write operation is terminated. 
If the write check trigger is turned on with the paper 
tape punch as the output device, the punch is stopped 
immediately with the incorrectly punched tape column 
still under the punches. 
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With the typewriter as the output device, the write 
operation is terminated by one of the following: 

1. Sensing a record mark from memory. Termina- 
tion of the write operation directs the computer 
to enter the I-cycle for the next instruction in 
sequence. (The record mark is not printed.) 

2. Depressing release on the console. The write 
operation is terminated immediately, and the 
computer stops. Depression of start on the con- 
sole is required to restart the computer. 

With the paper tape punch as the output device, 
the write operation is terminated by one of the fol- 
lowing: 

1. Sensing a record mark from memory. A hole is 
punched in the end-of-Iine channel (channel 8) 
of the tape in the tape column immediately fol- 
lowing that occupied by the last output data 
character transmitted from memory. Termina- 
tion of the write operation directs the computer 
to enter the I-cycle for the next instruction in 
sequence. 

2. Depressing release on the console. The write 
operation is terminated immediately, and the 
computer stops. Depression of start on the con- 
sole is then required to restart the computer. 



Auxiliary Trigger Status 

typewriter and the paper tape punch triggers 

Decrement Trigger. (01.60.05.1). 

1. Turned off (increment) when I-cycle is entered. 

2. Remains off throughout E-cycle. 

Read-Write Call Trigger. (01.64.14.1). 

1. OFF when E-cycle is entered. 

2. Turned on by the hold trigger and remains on 
until the write operation is terminated. 

3. Turned off during trigger 30 time when mdr 
contains a record mark. 

4. Turned off by the i/o exit trigger if the release 
key is depressed during a write operation and the 
paper tape punch is the output device. 

5. Turned off by the mem-of trigger ANoed with the 
response gate trigger if release is depressed during 
a write operation and the typewriter is the output 
device. 

Response Gate Trigger. (01.80.25.1) . 

1 . off when E-cycle is entered. 

2. Turned on by a signal from the output device 
that a character has been received from the com- 
puter. 

3. Turned off by the sync trigger. 
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4. Turned off by the i/o exit trigger when the 
write operation is terminated. 

5. Turned off by the no-feed trigger if the paper 
tape punch is the output device and a parity or 
response error occurs or the paper tape breaks. 

Sync Trigger. (01.64.13.1). 

1. OFF when E-cycie is entered. 

2. Turned on during hold trigger time when CRCB-3 
breaks for a typewriter operation or PCB-1 makes 
for a paper tape punch operation, to signal the 
computer to proceed with presenting the next 
character to the output device. 

3. Turned off during trigger 30 time. 

4. Turned off by the i/o exit trigger when the write 
operation is terminated. 

Digit /Record Mark Trigger. (01.63.50.1) 

1. OFF when E-cycle is entered. 

2. Turned on during trigger 30 time if mdr con- 
tains a record mark (C-8-2) . 

3. Turned off by the I-cycle trigger. 

Memory Overflow Trigger. (01.64.14.1). 

1 . off when E-cycle is entered. 

2. Turned on by depression of release. 

3. Turned off by i/o exit trigger. 

Disconnect Gate Trigger. (01.80.25.1). 

1. OFF when E-cycle is entered. 

2. Turned on by relay 1-4 n/o point closed ANoed 
with the sync trigger when it is turned on by a 
response for the first output character if the output 
device is the typewriter. 

3. Turned on by the response gate trigger after the 
end-of-line hole has been punched, to terminate 
the write operation, if the output device is the 
paper tape punch. 

4. Turned off by the i/o exit trigger. 

I/O Exit Trigger. (01.64.13.1) . 

1. off when E-cycle is entered. 

2. Turned on when the circuit to turn on the dis- 
connect gate trigger is terminated (and CRCB-4 
makes in the case of the typewriter) . 

3. Turned off during trigger 1 time of the follow- 
ing I-cycle. 

Response Check Latch. (01.82.30.1) . 

1. Turned on during trigger 31 time. 

2. Turned off during hold trigger time when selec- 
tor common contact No. 2 or space interlock con- 
tact No. 2 makes. 

Note: The status of the response check latch is tested 
at the same time the sync trigger is turned on. The 
on/off status of the response check latch at this test 
time was determined by the previous character. If the 



previous character failed to turn off the response check 
latch, the write check trigger is turned on (see Figure 
14-14) . 

Write Check Trigger. (01.81.45.1) . 

1. Turned on (in parallel with the sync trigger) by 
the response gate trigger, if: 

a. The output translator presents a character with 
incorrect parity to the output device. 

b. The response check latch is on. 

2. Turned on when PCB-8 makes if an even number 
of holes is punched by the paper tape punch. 

3. Turned on when CRCB-5 makes, if an even num- 
ber of typewriter coding relays are picked. (Relay 
38 will not pick if an eyen number of coding relays 
are picked.) 

4. Turned on by trigger 1 of the I-cycle following a 
write operation, using the typewriter as the output 
device, if the response check latch is on. This cir- 
cuit is functional only if the response failure occurs 
on the last character prior to sensing the record 
mark from memory. 

5. Turned off by operating the tape feed switch if 
the paper tape punch is the selected output device. 

6. Turned off when interrogated by a branch indi- 
cator or branch no indicator instruction or when 
manually reset. 

PAPER TAPE punch TRIGGERS 

When the paper tape punch is the output device, 
the following additional triggers are used: 

No Feed Trigger. (01.84.10.1). 

1 . off when E-cycle is entered. 

2. Turned on if tape tension contact closes (paper 
tape break) . 

3. Turned on by the write check trigger (parity or 
response error) . 

4. Turned off by depression of tape feed key. 

E-Timer Trigger Objectives 

Trigger 30. (01.64.10.1). 

, 1. Read out of memory per OR-2 and store the digit 
in MDR. 

2. Write back OR-2 incremented plus 1 . 

3. Turn on digit/record mark trigger when record 
mark appears in mdr. 

Hold Trigger. (01.64.12.1). 

1. Block MAR reset to retain output character in mdr. 

2. Turn on read-write call trigger. 

3. Stop the computer clock to prevent unnecessary 
cycling of memory. 

Trigger 31. (01.64.11.1). 

1 . Read out of memory per OR-2. 

2. Write back OR-2 bypassed. 
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3. Turn on the response check latch. 

(Trigger 31 is used as a dummy E-timer trigger 
in Write Numerically - Code 38 operations. See 
Read Alphamerically - Code 37 for trigger 31 
function.) 

Dump Numerically (Code 35 — DN) 

Sequence block diagrams for this operation are shown 
in Figures 14-12 and 14-13. Function charts for this oper- 
ation are shown in the Instructional System Diagrams, 
pages 39, 40, 41, and 42. Sequence charts for the type- 
writer, used as the output device, are shown in Figures 
14-8, 14-9, 14-10, and 14-11. 

Objectives 

1. Transmit numerical information, including flag 
bits and record marks, from memory starting at 

. the location designated by the P address (OR-2) 
and continuing through location 19999, 

2. Record the information on the output device 
specified by the Qg and Qg digits of the in- 
struction. 

Functions 

The Dump Numerically - Code 35, operation differs 



from Write Numerically - Code 38, operation only as 
follows: 

1. Sensing of a record mark from memory does not 
terminate the dump operation. (Record marks 
in memory are recorded by the output device as 
characters of output data.) 

2. The dump operation is terminated when the digit 
in memory location 19999 has been transmitted 
to the output device. (If the output device is the 
paper tape punch, a hole is punched in the end- 
of-line channel of the tape in the tape column 
immediately following that occupied by the char- 
acter transmitted from memory location 19999.) 

Termination of the dump operation directs the com- 
puter to enter the I-cycle for the next instruction in 
sequence. 

The content of every memory location is recorded 
by the output device if the P address of the dump in- 
struction is 00000. 

Auxiliary Trigger Status 

TYPEWRITER AND PAPER TAPE PUNCH TRIGGERS 

Decrement Trigger. (01.60.05.1). 

1. Turned off (increment) when I-cycle is entered. 

2. Remains off throughout E-cycle. 



(See Write Numerically - Code 38 Sequence Block Diagram, Figure 14-7, for Sequence 
Other Than Termination Of Operation.) 
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Figure 14-12. Dump Numerically-Code 35 (35 PPPPP QOIQQ) 
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(See Write Numericolly - Code 38 Sequence Block Diagram, Figure 14-^ For Sequence 
Other Than Termination Of Operation.) 
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Figure 14-13. Dump Numerically-Code 35 (35 PPPPP Q02QQ) 



Read-Write Call Trigger. (01.64.14.1). 

1 . OFF when E-cycle is entered. 

2. Turned on by the hold trigger and remains on 
until the dump operation is terminated. 

3. Turned off by the mem-of trigger to terminate 
the dump operation. 

4. Turned off by the i/o exit trigger if release is 
depressed during the dump operation. 

Response Gate Trigger. (01.80.25.1). 

1 . off when E-cycle is entered. 

2. Turned on by a signal from the output device 
that a character has been received from the com- 
puter. 

3. Turned off by the sync trigger. 

4. Turned off by the i/o exit trigger when the 
dump operation is terminated. 

5. Turned off by the no feed trigger if the paper 
tape punch is the output device and a parity or 
response error occurs or the paper tape breaks. 



Sync Trigger. (01.64.13.1) . 

1. OFF when E-cycle is entered. 

2. Turned on during hold trigger time when CRGB-3 
breaks for a typewriter operation or PCB-1 makes 
for paper tape punch operation to signal the com- 
puter to proceed with presenting the next char- 
acter to the output device. 

3. Turned off during trigger 30 time. 

4. Turned off by the i/o exit trigger when the write 
operation is terminated. 

Memory Overflow. (01.64.14.1). 

1 . off when E-cycle is entered. 

"^2. Turned on during memory cycle in which 19999 
is placed in mar. 

3. Turned on by depression of release. 

4. Turned off by i /o exit trigger. 

Disconnect Gate Trigger. (01.80.25.1). 
1. OFF when E-cycle is entered. 
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2. Turned on by relay 1-4 n/o point closed ANDcd 
with the sync trigger when it is turned on by a 
response for the first output character if the output 
device is the typewriter. 

3. Turned on by the response gate trigger, after the 
end-of-line hole has been punched, to terminate 
the dump operation if the output device is the 
paper tape punch. 

4. Turned off by the i/o exit trigger. 

I/O Exit Trigger. (01.64.13.1). 

1. OFF when E-cycle is entered. 

2. Turned on when the circuit to turn on the dis- 
connect gate trigger is terminated (and CRCB-4 
makes in the case of the typewriter) . 



3, Turned off during trigger 1 time of the follow- 
ing I-cycle. 

Response Check Latch. (01 .82.30.1) . 

1. Turned on during trigger 31 time. 

2. Turned off during hold trigger time when selec- 
tor common contact No. 2 or space interlock con- 
tact No. 2 makes. 

Note: The status of the response check latch is tested 
at the same time the sync trigger is turned on. The 
on/off status of the response check latch at this test time 
was determined by the previous character. If the previ- 
ous character failed to turn off the response check latch, 
the write check trigger is turned on (see Figure 14-14) . 
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Write Check Trigger. (01.81.45.1). 

1. Turned on (in parallel with the sync trigger) by 
the response gate trigger, if: 

a. The output translator presents a character with 
incorrect parity to the output device. 

b. The response check latch is on. 

2. Turned on when PCB-3 makes if an even number 
of holes is punched by the paper tape punch. 

3. Turned on when CRCB-5 makes, if an even num- 
ber of typewriter coding relays are picked. (Relay 
38 will not pick if an even number of coding relays 
are picked.) 

4. Turned on by trigger 1 of the I-cycle following 
a write operation, using the typewriter as the out- 
put device, if the response check latch is on. This 
circuit is functional only if the response failure 
occurs on the last character prior to sensing the 
record mark from memory, 

5. Turned off by operating the tape feed switch if 
the paper tape punch is the selected output device. 

6. Turned off when interrogated by a branch indi- 
cator or branch no indicator instruction or when 
manually reset. 

PAPER TAPE PUNCH TRIGGERS 

When the paper tape punch is the output device, the 
following additional triggers are used: 

No Feed Trigger. (01.84.10.1) . 

1. OFF when E-cycle is entered. 

2. Turned on if tape tension contact closes (paper 
tape break) . 

3. Turned on by the write check trigger (parity or 
response error) . 

4. Turned off by depression of tape feed key. 

E-Timer Trigger Objectives 

Trigger 30. (01.64.10.1). 

1 . Read out of memory per OR-2 and store the digit 
in MDR. 

2. Write back OR-2 incremented plus 1. 

Hold Trigger. (01.64.12.1). 

1 . Block MAR reset to retain output character in mdr. 

2. Turn on read-write call trigger. 

3. Stop the computer clock to prevent unnecessary 
cycling of memory. 

Trigger n. (01.64.11.1). 

1. Read out of memory per OR-2. 

2. Write back OR-2 bypassed. 

3. Turn on the response check latch. 

(Trigger 31 is used as a dummy E-timer trigger 
in Dump Numerically - Code 35 operations. See 
Read Alphamerically - Code 37 for Trigger 31 
function.) 



Write Alphamerically (Code 39 — WA) 

Sequence block diagrams for this operation are shown 
in Figures 14-6 and 14-7. Sequence block diagrams for 
Write Numerically - Code 38 and Write Alphamerical- 
ly - Code 39 differ only in that, for Code 39 operations, 
the output translator receives a digit (zone) from 
MBR-even as well as from mdr. Function charts for this 
operation are shown in the Instructional System Dia- 
grams, pages 39, 40, 41, and 42. 

Objectives 

1. With the computer in alphameric mode, trans- 
mit characters stored as two adjacent digits from 
the memory locations designated by the P address 
minus one and the P address (OR-2) and suc- 
cessively higher pairs of memory locations. 

2. Decode each "two digit" memory character into 
the proper numerical, alphabetic, or special char- 
acter. 

3. Record the information on the output device 
specified by the Qg and Qg digits of the in- 
struction. 

Functions 

During the I-cycle, the Qg and Qg digits of the instruc- 
tion are placed in the digit/branch register and de- 
coded to specify the output device. The typewriter 
is specified by 01 and the paper tape punch by 02. 

Output characters are transmitted serially from 
memory as two adjacent digits beginning at the mem- 
ory locations designated by the P address minus one 
and the P address (OR-2) and continuing with suc- 
cessively higher pairs of memory locations. Each "two 
digit" memory character is decoded into the proper 
numerical, alphabetic, or special character by the out- 
put translator and presented to the selected output 
device. 

The P address of the instruction must designate the 
odd numbered memory location at which the numeri- 
cal digit of the first character to be transmitted is 
stored. The zone digit of the first character is located 
at the next lower memory address (P minus one) , 
which is an even address. Increment plus two is used 
to provide memory addresses for successive characters. 

If an even numbered memory location is errone- 
ously designated by the P address, data presented to 
the output device is incorrect and parity errors may 
occur. 

Output data may consist of a random mixture of 
numerical, alphabetic, and special characters which 
exist in memory as "two digit" characters. If an at- 
tempt is made to write a record containing single digit 
numerical characters by means of this instruction, in- 
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valid combinations of disassociated numerical digits 
are the result and parity errors may occur. 

Flag bits existing in memory locations from which 
an output record is written are not transmitted to the 
output device. The write operation leaves output data 
unchanged in memory. 

Transmission of a character of output data to the 
typewriter requires energization of the typewriter bit 
relay (or relays) corresponding to the typewriter char- 
acter code for the specific character. Bit relays are 
assigned as follows: 



Bit Relay 

C R21 

X R22 and R25 

0 R28 and R31 

1 R41 

2 R42 and R45 
4 R46 and R49 
8 R50 



Relay 21, the C bit relay, is used only for parity 
checking purposes. If no bit relay other than R21 is 
energized on an output character cycle, the typewriter 
performs a spacing operation. 

Transmission of a character of output data to the 
paper tape punch requires energization of the punch 
magnet (or magnets) corresponding to the paper tape 
code for the specific character. A space is recorded as 
a hole in the "C" channel of the tape. 

The write check trigger is turned on when any one 
or more of the following conditions exists: 

1. A character with incorrect parity is presented to 
the output device by the output translator. 

2. Typewriter bit relays are energized for an even 
number of bits. 

3. An even number of holes are punched in a tape 
column by the paper tape punch, 

4. The response check latch is on because the output 
device failed to return a response signal to the 
computer. 

If the write check trigger is turned on with the type- 
writer as the output device, the computer remains in 
the automatic mode and continues to supply data to 
the typewriter until the write operation is terminated. 
If the write check trigger is turned on with the paper 
tape punch as the output device, the punch is stopped 
immediately with the incorrectly punched tape column 
still under the punches. 

With the typewriter as the output device, the write 
operation is terminated by one of the following: 
1. Sensing a record mark at an odd memory address. 
Termination of the write operation directs the 
computer to enter the I-cycle for the next instruc- 
tion in sequence. The record mark is not printed. 



2. Depressing release on the console. The write 
operation is terminated immediately and the com- 
puter stops. Depression of start on the console is 
then required to restart the computer. 

With the paper tape punch as the output device, the 
write operation is terminated by one of the following: 

1. Sensing a record mark at an odd memory address. 
A hold" is punched in the end-of-line channel 
(channel 8) of the tape in the tape column im- 
mediately following that occupied by the last out- 
put data character transmitted from memory. 
Termination of the write operation directs the 
computer to enter the I-cycle for the next instruc- 
tion in sequence. 

2. Depressing release on the- console. The write 
operation is terminated immediately and the com- 
puter stops. Depression of start on the console 
is required to restart the computer. 

Auxiliary Trigger Status 

See Write Numerically - Code 38. 

E-Timer Trigger Objectives 

Trigger 30. (01.64.10.1). 

1. Read out of memory per OR-2. 

2. Write back OR-2 incremented plus 2. 

3. Turn on digit/record mark trigger when record 
mark appears in mdr. 

Hold Trigger. (0 1 .64. 12.1). 

1. Block MAR reset to retain the zone digit of the 
output character in MBR-even and the numerical 
digit of the output character in mdr. 

2. Turn on read-write call trigger. 

3. Stop the computer clock to prevent unnecessary 
cycling of memory. 

Trigger 31. (01.64.11.1). 

1. Read out of memory per OR-2. 

2. Write back OR-2 bypassed. 

3. Turn on response check latch. 

(Trigger 31 is used as a dummy E-timer trigger 
in Write Alphamerically - Code 39 operations. See 
Read Alphamerically - Code 37 for Trigger 31 
function.) 

Control (Code 34 — K) 

The sequence block diagram for this operation is 
shown in Figure 14-15. The function chart for this oper- 
ation is shown in the Instructional System Diagrams, 
page 43. Sequence charts. Figures 14-16, 14-17, and 14-18 
show the operation of: space, carriage return, and 
tabulate. 
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Objective 

Execute the control function designated by the Qu 
digit of the instruction on the input-output device 
specified by the Qg and Qg digits of the instruction. 

Functions 

An 01 in the Qg and Qg digits of the instruction is 
placed in the digit/branch register during the l-cycle 
and decoded to select the typewriter. 

The Qii digit of the instruction is available in mdr 
at the end of the I-cycle for use in specifying the con- 



trol function. One-digit codes are assigned as follows: 

1 — Space 

2 — Carriage return 
8 — Tabulate 

When the hold trigger is turned on upon entry into 
E-cycle, an mdr 1, 2, or 8 bit ands with select 1 (type- 
writer) to pick Relay 6 (space) , Relay 5 (carriage re- 
turn) , or Relay 4 (tabulate) . Each of these relays con- 
trols the performance of its particular control function. 

The typewriter remains selected only until the exe- 
cution of the control function is completed. 



CP 



Space 
OP 



R6-P 



OP 



(CRCB-6) 



R6-H ^ 



SplntlkNo2, R6-3, R6-4. 99^ CRCB-3 and CRCB-4 



Spoce Key Magnet 
Space Intik Cont No 2 |— 



309° 



R19-P \ 
R19-H (• 





Sp'int No 2 and R6-3 



R6-lond R19-4 



Figure 14-16. Space 
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Figure 14-17. Carriage Return 
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See Customer Engineering Manual of Instruction, 
Bl Electric Typewriter As Modified for DP Equip- 
ment, (Form 223-6653) for a description of the follow- 
ing typewriter components: 

Space solenoid 

Carriage return solenoid 

Tabulate solenoid 

Carriage return interlock contact 

Tab interlock contact 

Auxiliary Trigger Status 

Disconnect Gate Trigger. (01.80.25.1) . 

1 . OFF when E-cycle is entered. 

2. Turned on by signal from typewriter that con- 
trol function has been initiated. 

3. Turned OFF by i/o exit trigger. 
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OP 
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I/O Exit Trigger. (01 .64. 13.1). 

1 . OFF when E-cycle is entered. 

2. Turned on by signal from typewriter that the 
control function has been completed. 

3. Turned off during trigger 1 time of the I-cycle 
for the next instruction. 

E-Timer Trigger Objectives 

Hold Trigger. (01.64.12.1). 

1. Block MAR reset to maintain the control function 
code digit in mdr and to prevent vrc error. 

2. Pick Relay 6, 5, or 4 for performance of control 
function. 

3. Stop the computer clock to prevent unnecessary 
cycling of memory. 
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Figure 14-18. Tabulate 
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Section 15 Appendices 



Appendix A. Abbreviations and Terms 



A or B Advance A or B Adv 

Above 50 (greater than) >50 

Below 50 (Less than) <50 

Branch Indicator BI 

Branch No Indicator BNI 

Carriage Return (typewriter) CR 

Carry In (trigger) CI (trg) 

Carry Out (trigger) CO (trg) 

Check (bit) C (bit) 

Circuit Breaker CB 

Continuously Running Circuit Breaker CRCB 

Digit/Record Mark (trigger) D/RM (trg) 

Decrement (trigger) Deer (trg) 

Digit/Branch Register D/B Reg 

Disconnect (gate trigger) Disc, (gate trg) 

Divide Div 

Driver, Sample Pulse DSP 

End of Line EL or EOL 

Field Definition .FldDef 

Field Mark (trigger) FM (trg) 

Flag F 

Increment/Decrement (switch) Incr/Decr (Sw) 

Input/Output Exit (trigger)- I/O Exit (trg) 

Instruction Cycle I-Cycle 

Instruction Register IR (—1,-2) 

Integrator Int 

Inverter Inv 

Memory Address Register MAR 

Memory Address Register Storage MARS 

Memory Buffer Register MBR 

Memory Data Register MDR 

Memory Overflow (trigger) Mem OF (trg) 



Microampere jj,a 

Microsecond /isec 

Multiplicand Mend 

Multiplier/Quotient (Register) M/Q (Reg) 

Negative "or" NOR 

Non Process Run Out NPRO 

Operand Register OR (—1,-2, —3) 

Operation Register Op Reg 

Paper Tape Reader PT Rdr 

Product Register PR (—1,-2, —3) 

Read Alphamerically RA 

Read Check Rd Chk 

Read Driver Rd Dr 

Reader (data gate) Rdr (data gate) 

Read Numerically RN 

Read/Write (call) (trigger) (gate) Rd/Wr (call) 

(trg) (gate) 

Recomplement Recomp 

Record Mark RM 

Resistor-Capacitor RC 

Response (gate) (trigger) Resp (gate) (trg) 

Selector Common Contacts Sel Com Cont 

Single Cycle Execute SCE 

Single Instruction Execute SIE 

Synchronizing (trigger) Sync (trg) 

Tabulate (typewriter) Tab 

Trigger Trg 

True/Complement (switch) (trigger) T/C (sw) (trg) 

Vertical Redundancy Check (Parity Check) . VRC 

Write Alphamerically WA 

Write Check Wr Chk 

Write Drivers Wr Dr 

Write Numerically WN 
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Appendix B, Character Code Chart 



Alphameric Mode 


Numerical Mode 




Memory Code 


Typewriter & 


Memory Code 


Typewriter & 


Character 


Zone 


Numerical 


Paper Tape 


Paper Tape 


Digit 


Bits 


Digit 


Bits 


Code 




Code 






C 4 2 1 




C 8 4 2 1 


X 0 C 8 4 2 1 


3 F 8 4 2 1 


X 0 C 8 4 2 1 


bl space 


0 


C 


0 


C 


c 






v 


0 


c 


J 


L / 1 


X 0 8 2 1 






) 


u 




4 


4 


X 0 C 8 4 






+ 


1 


1 


0 


c 


X 0 C 






f 


1 


1 


3 


r* O 1 
C Z 1 


X C 8 2 1 






* 


1 


1 


. 4 


4 


X 8 4 









2 


2 


0 


C 


X 






/ 


2 


2 


1 


1 


OC 1 








2 


2 


3 


C 2 1 


OC 8 2 1 






( 


2 


2 


4 


4 


0 8 4 








3 


C 2 1 




C 2 1 


8 2 1 








3 


C 2 1 


4 


4 


C 8 4 






A 


4 


4 


1 


1 


X 0 1 






B 


4 


4 


2 


2 


X 0 2 






C 


4 


4 


3 


C 2 1 


X 0 C 2 1 






D 


4 


4 


4 


4 


X 0 4 






E 


4 


4 


5 


C 4 1 


X 0 C 4 1 






F 


4 


4 


6 


C 4 i 


X 0 C 4 2 






G 


4 


4 


7 


4 2 1 


X 0 4 2 1 






H 


4 


4 


8 


8 


X 0 8 






1 


4 


4 


9 


C 8 1 


X OC 8 1 






J 


5 


C 4 1 


1 


1 


X C 1 






K 


5 


C 4 1 


2 


2 


X C 2 






L 


5 


C 4 1 


3 


C 2 1 


X 2 1 






M 


5 


C 4 1 


4 


4 


X C 4 






N 


5 


C 4 1 


5 


C 4 1 


X 4 1 






O 


5 


C 4 1 


6 


C 42 


X 42 






P 


5 


C 4 1 


7 


42 1 


X C 42 1 






Q 


5 


C 4 1 


8 


8 


X C 8 






R 


5 


C 4 1 


9 


C 8 1 


X 8 1 






S 




C42 


2 


2 


OC 2 






T 


« 


C 42 


3 


C 2 1 


0 2 1 






II 


6 


r. 4 2 


4 


4 


OC 4 






V 


6 


C 42 


5 


C 4 1 


0 4 1 






W 


6 


C 4 2 


6 


C 42 


0 42 






X 


6 


C 4 2 


7 


4 2 1 


OC 42 1 






Y 


6 


C 4 2 


8 


8 


OC 8 






Z 


6 


C 4 2 


9 


C 8 1 


0 8 1 






0 


7 


4 2 1 


0 


C 


0 


C 


0 


1 


7 


42 1 


1 


1 


1 


1 


1 


2 


/ 


4 Z 1 


o 
Z 


2 


C I 1 


2 


2 


3 


7 


42 1 


3 


C 2 1 




C 2 1 


C 2 1 


4 


7 


4 2 1 


4 


4 


4 


4 


4 


5 


7 


42 1 


5 


C 4 1 


C 4 1 


C 4 1 


C 4 1 


6 


7 


42 1 


6 


C 4 2 


C 4 2 


C 4 2 


C 4 2 


7 


7 


42 1 


7 


42 1 


4 2 1 


42 1 


42 1 


8 


7 


42 1 


8 


8 


8 


8 


8 




y 


42 1 


9 


C8 1 


C 8 1 


C 8 1 


C 8 1 


Record i 
Mark ^ 


0 


C 




C 8 2 


0 8 2 


C 8 2 


0 8 2 
or E.L. 


Flog 












F 


X 


Flag T 
RM ^ 


5 


C 4 1 




C8 2 


X 8 2 


F 8 2 


X 8 2 
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Appendix C. Numbered Triggers 



Trigger 


System Diagram 


Number 


Page Number 


1 


01.15.11.1 


2 


01.15.12.1 


3 


01.15.13.1 


4 


01.15.14.1 


5 


01.15.15.1 


6 


01.15.16.1 


/ 


rti ^^ 17 1 


8 


01.15.18.1 


9 


01.15.19.1 


11 


01.60.11.1 


12 


01.60.12.1 


13 


01.60.13.1 


14 


01.60.14.1 


15 


01.60.45.1 



Trigger 


System Diagram 


Number 


Page Number 


16 


01.60.45.1 


18 


01.60.48.1 


19 


01.60.49.1 


21 


01.60.31.1 


23 


01.60.32.1 


26 


01.60.57.1 


1/ 


m dj\ cii 1 
Ul.oU.O/. 1 


28 


01.60.58.1 


29 


01.60.59.1 


30 


01.64,10.1 


31 


01.64.11.1 


32 


' 01.62.30.1 


33 


01.62.33.1 


34 


' 01.62.34.1 



Trigger 
Number 


System Diagram 
Page Number 


35 


01.62.35.1 


36 


01.62.36.1 


37 


01.62.37.1 


38 


01.62.38.1 


39 


01.62.39.1 


40 


01.62.40.1 


41 


Al itO Ay 1 


42 


01.65.05.1 


43 


01.65.05.1 


44 


01.65.03.1 


45 


01.65.03.1 















Appendix D. Named Triggers 



Trigger Name 


System Diagram 
Page Number 


Trigger Name 


System Diagram 
Page Number 


A/B 


01.10.12.1 


Insert Control 


01.06.20.1 


Branch Test 


01.25.35.1 


Last Divide Cycle 


01.65.02.1 


Carry In 


01.63.40.1 


MAR VRC 


01.58.09.1 


Carry Out 


01.63.40.1 


MBR - Odd Check 


01.40.10.1 


Clock 1 & Clock 2 


01.10.06.1 


MBR - Even Check 


01.40.20.1 


Clock 3 & Clock 4 


01.10.07.1 


Memory Overflow 


01.64.14.1 


Clock 5 & Clock 6 


01.10.08.1 


Non-Process Run Out 


01,83.10.1 


Clock 7 & Clock 8 


01.10.09.1 


Odd-Even 


01.43.10.1 


Clock 9 & Clock 10 


01.10.10.1 


Overflow 


01.60.40.1 


Cycle Control 


01.62.31.1 


Paper Tape Feed 


01.84.10.1 


Decrement 


01.60.05.1 


Punch No Feed 


01.84.10.1 


Digit/Record Mark 


01.63.50.1 


Read Check 


01.81.45.1 


Disconnect Gate 


01.80.25.1 


ReadA^rite Call 


01.64.14.1 


Display Address 


01.06.30.1 


Recomplement 


01.60.32.1 


Divide Add 


01.65.04.1 


Recomplement Control 


01.60.24.1 


Dividend & Remainder Sign 


01.65.06.1 


Response Gate 


01.80.25.1 


E-Cycle Entry 


01.15.18.1 


Run 


01.06.10.1 


Equal/Zero 


01.60.41.1 


Save 2 


01.06.15.1 


Field Mark Number 1 


01.63.30.1 


Save Control 


01.06.15.1 


Field Mark Number 2 


01.63.30.1 


Sel 1 


01.25.15.1 


First Cycle 


01.63.10.1 


Sel 5 


01.25.15.1 


First Divide Cycle 


01.65.02.1 


Single Cycle 


01.06.10.1 


Flag 


01.81.10.1 


Start 1 


01.06.05.1 


Greater than 50 ( > 50) 


01.55.15.1 


Start Control 


01.06.05.1 


High/Plus 


01.60.40.1 


Stop 1 


01.06.11.1 


Hold 


01.64.12.1 


Sync 


01.64.13.1 


l-Cycle 


01.15.10.1 


Sync Extender 


01.80.30.1 


I/O Exit 


01.64.13.1 


Tape Feed Interlock 


01.84.10.1 


Insert 1 


01.06.20.1 


True/Complement 


01.63.20.1 


Insert 2 


01.06.20.1 


Write Check 


01.81.45.1 
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Appendix E, Register Triggers 



Register 


Trigger Name 


System Diagram 
Page Number 


MultlpHer/Quotient 








C Bit, 8 Bit, & 4 Bit 


01.62.50. 1 




2 Bit & 1 Bit 

& VII W 1 I/I 1 


01.62.52.1 








^Dpcro^ ion 








C Bit, 8 Bit, & 4 Bit (Units) 


01.20.07.1 




2 Bit & 1 Bit (Units) 


01.20.09. 1 




r Kit X. 4 Bit rrens) 


01 20 10 1 




2 Bit & 1 Bit (Tens) 


01.20.12.1 








MRP - dAA 
fViDK " wao 








C Bit & F Bit 


01.40.07.1 




fl nu 3L A RU 
V Oil Oi *r Dli 


01.40.08.1 




9 R!t X. 1 Rit 

^ Dll IX 1 Dll 


01 40 09 1 








MBR - Even 








v_ Bit & r Bit 


ni Af\ 17 1 

Ul .4U. 1/. 1 




8 Bit & 4 Bit 


ni Af\ ifi 1 




2 Bit & I Bit 


m An 1 o 1 
Ul .4U. 1". 1 








MDR 








C Bit, F Bit, & 8 Bit 


01 .45.05.1 




4 Bit, 2 Bit, & 1 Bit 


01 .45.07. 1 








Diqit/Branch 








C Bit. 8 Bit. & 4 Bit (Units) 


Al CA 1 

Ul ,50.0/. 1 




2 Bit & 1 Bit (Units) 


Ai cn /\A t 

01 .50,09. 1 




C Bit, 8 Bit, & 4 Bit (Tens) 


01.50. 17.1 




9 RU 1 R:» (Tant\ 

£ Dll oi 1 Dir \ien$> 


01 19 1 

U 1 . «JV. 17.1 








ILAA D 

MAK 








V« Dll Oi O Dll lunirsj 


ni '57 OS 1 




A RU fL 0 R;» (\ InlfcA 

4 DiT a z Dir luniTS) 


01 07 1 




1 Bit (Units^ 


01.57.09.1 




C Bit (Tens^ 


01.57.Q?.1 




8 Bit &4 Bit (Tens) 


01.57.16.1 




2 Bit & 1 Bit (Tens) 


01.57.18.1 




C Bit & 8 Bit (Hundreds) 


01.57.20.1 




4 Bit & 2 Bit (Hundreds) 


01.57.22.1 




1 Bit (Hundreds) 


61.57.24.1 




C Bit (Thousands) 


01.57.24.1 




8 Bit & 4 Bit (Thousands) 


01.57.26.1 




2 Bit & 1 Bit (Thousands) 


01.57.28.1 




C Bit, 2 Bit, & 1 Bit (10 Thousands) 


01.57.30.1 
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E Timer Triggers 



Operation Code 


11 


12 


13 


14 


15 


16 


18 


19 


21 


23 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


.41 


42 


43 


44 


45 


Hold 
Tgr 


11 &21 






A 


A 










A 


A 












































12 &22 


A 


A 


A 


A 










A 


A 












































13 & 23 
















A 


















A 


A 


A 


A 


A 


A 


A 


A 


A 


A 












14&24 


A 


A 


A 


A 










A 














































15 & 25 






















A 


A 








































16&26 






















A 


A 








































17&27 










A 


A 










A 


A 








































18&28 






















A 


A 


A 


A 






A 






























19&29 


A 


A 


A 


A 










A 




































A 


A 


A 


A 




31 






















A 


A 








































32 


























A 


A 




































33 


























A 


A 




































34 






























































A 


35 






























A 


A 






























A 


36 






























A 


A 






























A 


37 






























A 


A 






























A 


38 






























A 


A 






























A 


39 






























A 


A 






























A 


41 


( 


*^one 


) 


























































42 














A 


A 
















































43 














A 


A 










A 


A 




































U 














A 


A 










A 


A 




































45 














A 


A 










A 


A 




































46 














A 


A 
















































47 














A 


A 
















































48 


( 


None 


) 


























































49 














A 


A 
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a. 
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m 

I 
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Appendix G. Auxiliary Trigger 
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a 




D&l 
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<] 
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<3 
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<3 


<3 


< 


< 


<J 


11 &21 


12 & 22 


CO 

CN 

o6 

CO 


14&24 


15& 25 


1 16 & 26 




18&28 


CN 

«3 


CO 


ts 

CO 


CO 

CO 


CO 


CO 




CO 


00 
CO 


CO 


5 




CO 


5 








5 


o» 
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Glossary 



Brake: A mechanism (composed of an armature, rotor, coil, and 
housing) that hastens stopping of the pinwheel shaft and (tape) 
when reading ceases. A brake potentiometer controls the brake 
current. 

Buffer Arm: A lever interposed between the tape reels and read 
head to control the motion of the reels; actuated by the tape. 

Buffer Arm Cam: A cam operated by a buffer arm; actuates the 
buffer-arm contacts and limit switches. 

Buffer Arm Limit Switch: The lower switch controls the tape reels 
on tape break; the upper switch prevents reel operation' when 
the buffer arms are detented prior to tape loading. 

Cam Detent: A mechanical detent for holding the buffer arms in 
the raised position prior to tape loading. 

Center Plate: An assembly, mounted centrally on the main plate, 
that holds the read head, pinwheel, pinwheel shaft, timing disk, 
brake and clutch. 

Clutch: A mechanism, similar to the brake in construction, that 
drives the pinwheel shaft and moves tape past the read head. 
The clutch potentiometer controls the clutch current. 

Clutch Shaft: The shaft that drives the clutch rotor; power to the 
clutch shaft is supplied by the main drive motor through a belt 
and pulley. 

Main Plate: The major casting, on which are mounted the center 
plate, tape reels, and buffer arms. 

Pinwheel: A 24-tooth sprocket that drives the tape past the read 
head. 

Pinwheel Shaft: The shaft, driven by the clutch, that turns the 
pinwheel and timing disk. 

Read Head: An assembly, mounted on the front of the center 
plate, that houses the read photocells and encloses the pinwheel. 

Read Lamp: The source of light for the read photocells. 

Read Lamp Potentiometer: A potentiometer for adjusting the 
voltage to the read lamp and controlling the output of the read 
photocells. 

Read Photocell: A light-sensitive duo-diode that detects the pres- 
ence of a hole in the tape. There are eight read photocells in 

the read head. 

Read Photocell Adjusting Potentiometer: A potentiometer for 
adjusting the output of a photocell about a base level. 

Reel Power Switch: A switch, located at the bottom of the main 
plate, that permits the reel to be driven after the tape is loaded. 

Reel Strip Mode Switch: A switch that puts the reader in reel 
mode or strip mode. 

SMS Card Gate: A chassis for holding the electronic circuits, such 
as photocell amplifiers and clutch selector and control. 

Supply Buffer Arm Contacts: The making of the upper contact 
causes the supply reel to deliver tape to the buffer arm; the 



lower contact, normally operated during the tape load opera- 
tion, takes up slack in the tape. 

Supply Reel: The right-hand reel on the main plate which de- 
livers tape to the read head. 

Supply Reel Motor: The motor that drives the supply reel and is 
actuated by the making of the supply buffer arm contacts. 

Take-up Buffer Arm Contacts: The making of the lower contact 
causes the take-up reel to store the tape delivered from the read 
head; the upper contact puts more slack in the tape at the take- 

- up buffer arm. 

Take-up Reel: The left-hand reel on the main plate which is used 
to store the tape after it is read. 

Take-up Reel Motor: Actuated by the take-up buffer arm con- 
tacts. This motor drives the take-up reel and is actuated by 
the take-up buffer arm contacts. 

Tape Guide: The mechanical component that holds the tape in 
contact with the read head and in mesh with the pinwheel. 

Tape Guide Assembly: A mechanism composed of the tape guides 
and associated stops, arms, and linkages; all parts except the 
guides are mounted on the rear of the center plate. 

Tape Guide Microswitch: The switch that indicates to the using 
system that the tape guides are closed (against the read head) . 

Tape Guide Stop Arni: The lever whose position determines the 
clearance between a tape guide and the read head. 

Tape Runout Bar: The lower of two studs adjacent to the read 
head; its function is to control the sequence of operations dur- 
ing runout of the tape. The runout bar is mounted on the lower 
end of the tape runout arm, which actuates the tape runout 
microswitch. 

Tape Tension Arm: The lever that supports the tape tension bar 
and actuates the tape tension microswitch. 

Tape Tension Bar: The upper of two studs adjacent to the read 
head;, its function is to signal the using system that the tape is 
not in proper contact with the read head at the read photocells. 

Tape Tension Microswitch: Signals the using system that the tape 
is not against the read head on a tape break. 

Timing Disk: (Sync Diisk) The 24-hole disk, mounted on the pin- 
wheel shaft, that sets the time relation between the read photo- 
cell output and the timing disk output. 

Timing Disk Lamp: The source of light for the timing-disk pho- 
tocell. 

Timing Disk Potentiometer: A potentiometer for controlling the 
voltage to the timing disk lamp, and the output of the timing- 
disk photocell. 

Timing Disk Photocell: A light-sensitive duo-diode that detects 
the holes in the timing disk as the disk rotates, and thus recog- 
nizes the position of the pinwheel and tape at the read head. 

Timing Disk Photocell Adjusting Potentiometer: A potentiometer 
for positioning the output of the photocell about a base level. 
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Add, E-Timer Trigger Objectives 90 
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Automatic Light • • v-, 69 

Automatic Program Repetition Program Loop 19 

Auxiliary Trigger Functions 76 

Brake '. ...135, 179 

Brake and Clutch Selector and Control Circuit 142 

Branch and Transmit, Auxiliary Trigger Status 122 

Branch and Transmit (Code 27-bt) 122 

Branch and Transmit, E-Timer Trigger Objectives 122 

Branch and Transmit Immediate, Auxiliary Trigger Status. . . 124 

Branch and Transmit Immediate (Code 17-btm) 124 

Branch and Transmit 

Immediate, E-Timer Trigger Objectives 124 

Branch, Auxiliary Trigger Status ; 122 

Branch Back, Auxiliary Trigger Status 124 

Branch Back (Code 42-bb) 124 

Branch Back, E-Timer Trigger Objectives 124 

Branch (Code 49-b) 122 

Branch, E-Timer Trigger Objectives 122 

Branch Indicator, Auxiliary Trigger Status 129 

Branch Indicator (Code 46-bi) 127 

Branch Indicator, E-Timer Trigger Objectives 129 

Branch No Flag, Auxiliary Trigger Status 126 

Branch No Flag (Code 44-bnf) ; 125 

Branch No Flag, E-Timer Trigger Objectives 126 

Branch No Indicator, Auxiliary Trigger Status 130 

Branch No Indicator (Code 47-bni) 130 

Branch No Indicator, E-Timer Trigger Objectives 130 

Branch No Record Mark, Auxiliary Trigger Status 127 

Branch No Record Mark (Code 45-bnr) 126 

Branch No Record Mark, E-Timer Trigger Objectives 127 

Branch On Digit, Auxiliary Tri^er Status 125 

Branch On Digit (Code 43-bd) 124 

Branch On Digit, E-Timer Trigger Objectives 125 

Branch Operations 122 

Buffer Arm 179 

Buffer Arm Cam 179 

Buffer Arm Contacts, Supply 179 

Buffer Arm Limit Switch 179 

C Bit Correctors 57 

Cam, Detent 179 

Carry Out Trigger, Function of 79 

CE Panel 69 

CE Switches 69 

Center Plate 179 

Center Roll Feed (crf) Mode 138 

Character Code 6 

Clear Flag, Auxiliary Trigger Status 132 

Clear Flag (Code 33-cf) 131 

Clear Flag, E-Timer Trigger Objectives 132 



Page 

Clock and Timing Chart 40 

Clutch 134, 179 

Clutch Shaft .179 

Code Check Unit 147 

Compare, Auxiliary Trigger Status 100 

Compare (Code 24-c) 97 

Compare, E-Timer Trigger Objectives 101 

Compare Immediate, Auxiliary Triggers 102 

Compare Immediate (Code 14-cm) 102 

Compare Immediate E-Timer Trigger Objectives 102 

Component Circuits 22 

Console 60 

Control, Auxiliary Trigger Status 172 

Control (Code 34-k) 170 

Control, E-Timer Trigger Objectives 172 

Cores, Magnetic 21 

Data Format 7 

Description of System 5 

Development of a Program 17 
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